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ABSTRACT 

The training aanual is designed to train naval 
personnel in the professional aspects of their rating as Data 
Processing (DP) Technician and is a direct help to aeetirig the 
occupational qualifications for advanceaent to Data Processing 
Technician Third Class and Data Processing Technician Second Class* 
Personnel of the Data Processing Technician rating operate aany types 
of autoaatic data processing (ADP) egaipaent to provide accounting 
and statistical services for the Navy. The DP rating is a general 
rating and does not include service ratings. Areas of specialization 
within the rating are identified by Navy Enlisted Classification 
Codes. The introductory chapter of the aanual gives inforaation on 
the enlisted rating structure and procedures for advanceaent; the 
reanining 12 chapters deal with the technical subject aatter of the 
DP rating: autoaatic data processing, card punches and verifiers, 
card sorters, functional wiring principles,' interpreters, autoaatic 
punches, collaters, accounting aachines, electronic data processing, 
operation and control of EDP equipaent, storage concepts, and 
prograaing and languages. (Author/A J) 
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PREFACE 
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Schooi Command, Naval Training Center, San Diego, Calif.; Commanding 
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Ship Engineering Center, Naval Base, Norfolk, Va. and by the Director, 
Information Systems, Washington, D. C. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition^ valor, and victory are the Navy's heritage from t ie past. To 
these may be added dedication* discipline* and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country* our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 



ADVANCEMENT AND SECURITY 



This training manual is designed to train you 
in the professional aspects of your rating and to 
assist you in achieving the fundamental purpose 
of all naval training, victoiy at sea. This manual 
is also a direct help to you in meeting the occu- 
pational qualifications for advancement to Data 
Processing Technician Third Class and Data 
Processing Technician Second Class. 

The Data Processing Technician qualifications 
used as a guide in the preparation of this train- 
ing manual are those contained in the Manual 
of Qmlificatiom for Advancement, NAVPERS 
18068-C. 

Chapters 2 through 13 of this training manual 
deal with the technical subject matter of the 
Data Processing Technician rating. 

The remainder of this chapter gives informa- 
tion on the enlisted rating structure, the Data 
Processing Technician rating, requirements and 
procedures for advancement in rating, and refers 
ences that will help you both in working for 
advancement and in performing your duties as 
a DP. This chapter includes information on how 
to make the best use of rate training manuals. 
Therefore, it is strongly recommended that you 
study this chapter carefully before beginning in- 
tensive study of the remainder of this manual. 

THE ENLISTED RATING 
STRUCTURE 

The two main types of ratings in the present 
enlisted rating structure are general ratings and 
S6ivic6 rdtin^s* 

GENERAL RATINGS identify broad occu- 
pational fields of related duties and functions. 
Some general ratings include service ratings; 
otheK do not. Both Regular Navy and Naval 
Resenre personnel may hold general ratings. 

SERVICE RATINGS identify subdivisions or 
specialties within a general rating. Although 



service ratings can exist at any petty officer 
level, they are most common at the P03 and 
P02 levels. Both Regular Navy and Naval Re- 
serve personnel may hold service ratings. 

THE DATA PROCESSING 
TECHNICIAN RATING 

Personnel of the Data Processing Technician 
(DP) rating operate many types of automatic 
data processing (ADP) equipment to pro^ade ac- 
counting and statistical services for the Navy. 
They wire control panels for electric accounting 
machines (EAM) and write programs for elec- 
tronic data processing machines (EDPM). They 
process incoming information and make routine 
and special reports as required. They are thor- 
oughly familiar with data processing applications 
and in the higher pay-grades are thoroughly 
familiar with administrative and management 
functions peculiar to data processing offices and 
installations. 

The DP rating is a general rating, and does not 
include service ratuigs. Areas of specialization 
withm the rating are identified by Navy Enlisted 
Classification Codes. These codes identify such 
specialists as an Electronic Data Processing Sys- 
tems Operator, who operates large-scale elec- 
tronic data processhig machines and a Tabulat- 
ing Machine Serviceman, who adjusts and repairs 
electric tabulating equipment. 

The use of naval personnel to operate electric 
accounting machines goes back to the early days 
of World War TI. The enormous expansion of 
the naval forces to meet the threat of enemy ag> 
gression resulted in a greatly increased workload 
for clerical personnel. Concerned with this prob- 
lem, the Chief of Naval Personnel explored pos- 
sibilities of handling the mountains of paper- 
work more efficiently. As a result of this 
research, the Bureau of Naval Personnel installed 
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and began using punched card data processing 
equipment, resulting in the establishment of the 
Specialist (I) rating. This rating remained a spe- 
cialist rating until 1948. At that time it was 
designated Machine Accountant (MA) and in- 
corporated into the Regular Navy rating struc- 
ture. On July 1, 1967, it was redesignated Data 
Processing Technician, a more descriptive and 
appropriate title for the rating. Also in 1967, 
new Warrant Officer (783X) ^nd Limited Duty 
Officer (623X) categories were established for 
Data Processing Technicians. This afforded DPs 
the first opportunity to apply for commissioned 
status and remain in their field, rather than 
branch into Supply or General Administration. 



DP ASSIGNMENTS 

Data Processing Technicians may be ordered 
to many different types of activities which per- 
form data processing by both electrical and elec- 
tronic methods. These include ship and shore 
installations of the Operating Force, Shore Sup- 
port activities. Bureaus, Systems Commands, 
and Offices of the Navy Department. Generally 
speaking, the mission of a data processing instal- 
lation is prescribed by the Bureau, Office, or 
Systems Command exercising command. The 
data processing systems employed may be 
broadly grouped as personnel, supply, mainte- 
nance and material management (3-M), fiscal, 
research, security, communications, and opera- 
tions control. An installation may perform data 
processing services under one or more of these 
systems, and various other miscellaneous serv- 
ices, depending upon the type of installation 
and its assigned mission. 

A few Data Processing Technicians who are 
qualified instructors may be assigned instructor 
duty in the DP "A" or "C" schools. Other duty 
assignments include the U.S. Naval Examining 
Center, Great Lakes, where the servicewide ad- 
vancement in rating examinations are prepared 
and scored; Naval Trainuig Publications Datach- 
ment, Washington, D. C, and various other 
highly specialized billets. (This training manual 
that you are now studying was revised by a 
Chief Data Processing Technician while he was 
assigned to an instructor billet at Training Publi- 
cations Detachment.) Regardless of location, all 



Data Processing Technicians are assigned by the 
Bureau of Naval Personnel, Washington, D. C. 

THE DP AS A LEADER 

Data processing installations often accomplish 
their work on an assembly-line basis. They are 
divided into sections, with each section responsi* 
ble for accomplishing certain phases of data 
processing applications. For example, one sec- 
tion receives, codes, and files source documents. 
Another converts the source documents into 
punched card data. Other sections apply the in- 
coming data to existing files and produce reports 
and services as required. Each section must 
complete its work accurately and on time so 
that the work can be kept flowing in an orderly 
fashion. The efforts of all sections working to- 
gether are required to accomplish the mission of 
the installation. 

Obviously, someone in each section has to be 
responsible for seeing that the work is accom- 
plished. This is the job of the section leader, 
who could be YOU. The term LEADER usually 
implies responsibilities in supervising and direct- 
ing a group of people. As a leader, you must be 
able to make job assignments, supervise the 
work, and see that all jobs are performed cor- 
rectly and on time. If you are thoroughly famil- 
iar with the work for which you are responsible, 
are willing to accept responsibility (both as- 
signed and assumed), and practice the habit of 
setting a good example, then you are on the 
right road to effective leadership. 

Leadership is not restricted to those in posi- 
tions of supervision or authority. It concerns 
each and every one of us, from the Seaman on 
up. You exercise leadership in the way you per- 
form your job; whether it is keypunching, oper- 
ating a console, or any other t^. The manner 
in which you follow instructions, the care you 
exercise when handling data, your observance of 
safety precautions, and your adeptness at oper- 
ating machines, are only a few of the ways that 
leadership characteristics are displayed. You 
must remember that there are always others 
around who learn their habits (sometimes un- 
consciously) from what they see YOU do. Re- 
member also that your supervisor evaluates you 
from personal observance of your performance. 
His evaluation counts in the final decision to 



ERIC 



Chapter 1 -ADVANCEMENT AND SECURITY 



lecommend or not recommend you for advance- 
ment in rating. 

The rewards for practicing good leadership 
traits are many. For example, you get a certain 
feeling of pride when your supervisor compli- 
ments you on a job well done or when he tells 
someone he doesn't see how he can get along 
without you. There is satisfaction also in know- 
ing that you are setting a good example for less 
experienced personnel to follow. Most impo^ 
tant of all, you have an inner satisfaction in 
knowing that you have performed your work to 
the best of your ability. No one could ask more 
of you. 

It may be well for you to stop and read that 
portion of Military Requirements for Petty Of- 
ficers S & 2 that deals with leadership. You will 
find points on how to exercise good leadership 
that can be easily applied to the Data Processing 
Technician rating. In addition, you will find 
quotations from Navy Department General Or- 
der 21, which all personnel should be familiar 
with. 

ADVANCEMENT IN RATE 

Some of the rewards of advancement are easy 
to see. You get more pay. Your job assign- 
ments become more interesting and more chal- 
lenging. You are regarded with greater respect 
by officers and enlisted personnel. You enjoy 
the satisfaction of getting ahead in your chosen 
Navy career. 

But the advantages of advancement are not 
yours alone. The Navy also profits. Highly 
trained personnel are essential to the functioning 
of the Navy. By each advancement, you increase 
yoar value to the Navy in two ways. First, you 
become more valuable as a specialist in your 
own rating. And second, you become more 
valuable as a person who can train others and 
thus make far-reaching contributions to the en- 
tire Navy. 

HOW TO QUALIFY FOR 
ADVANCEMENT 

What must you do to qualify for advance- 
ment? The requirements may change from time 
to time, but usually you must: 



1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and occu- 
pational training manuals. 

3. Demonstrate your ability to perform all 
the PRACTICAL requuftments for advancement 
by completing the Record of Practical Factors, 
NAVPERS 1414/1. In some cases the Record 
of Practical Factors may contain the old form 
number, NAVPERS 760. 

4. Be recommended by your commanding 
officer, after the petty officers and officers 
supervising your work have indicated that they 
consider you capable of performing the duties 
of the next higher grade. 

5. Demonstrate your KNOWLEDGE by pass- 
ing written examinations on the occupational 
and military qualification standards for advance- 
ment. 

Some of these general requirements may be 
modified in certain ways. Figure 1-1 gives a 
more detailed view of the requirements for ad- 
vancement of active duty personnel; figure 1-2 
gives this information for inactive duty per- 
sonnel. 

Remember that the qualifications for ad- 
vancement can change. Check with your divi- 
sion officer or training officer to be sure that 
you know the most recent qualifications. 

Advancement is not automatic. Even though 
you have met all the requirements, including 
passmg the written examinations, you may not 
be able to "sew on the crow" or "add a stripe.** 
The number of men in each rate and rating is 
controlled on a Navy wide basis. Therefore, the 
number of men that may be advanced is limited 
by the number of vacancies that exist When the 
number of men passing the examination exceeds 
the number of vacancies, some system must be 
used to determine which men may be advanced 
and which may not The system used is the 
"final multiple** and is a combination of three 
types of advancement systems. 

Merit rating system 
Personnel testing system 
Longevity, or seniority system 

The Navy*s system provides credit for per- 
formance, knowledge, and seniority, and, wnile 
it cannot guarantee Uiat any one person will be 



ERIC 



r 



DATA PROCESSING TECHNICIAN 3 & 2 



REQUIREMENTS* 


SI to E2 


E2 to Ei 


# E3 
to E4 


to E5 


tE5 
to E6 


tS6 
to E7 


tE7 
to E8 


tEB 
to E9 


SERVICE 


4 moo. 
servlco- 

or 
comple- 
tion of 
Recruit 
Training^. 


8 mo8. 
as 


6 mos. 
as £-3. 


12 mos« 
as E-4. 


24 moa, 
as E-5. 


36 moa. 
aa £6. 
8 yeara 

total 
enlisted 
aarvlee. 


36 mos« 
as E-7« 
8 of 11 

years 

total 
service 
must be 
enlisted. 


24 mos. 
as E-a. 
10 of 13 
years 

total 
service 
must be 
enlisted. 


SCHOOL 


Recruit 
Trainings 
(C.O. 
mty ad- 
vance up 
to 10% 
of gradu- 
ating 
claas.) 


i ^i'*' 


Class A 
for PR3t 
DT3, 
PT3, 
AME3, 
HM3, 
PN3, 
PTB 3, 
MT3, 


'*****'•*•*'*•*** '•'•**'•' 
'•*.'•*•*•*•*•*•*•*• •*•*•* 


'•*•*•*•*•*•*•*•*•*•*•*•*• * i 
••••••••••••••I 

•«•■•■•■••••••< 

••••■■■■•••■■•< 

•■■■•■•••••••■a 


Class B 
for AGC, 
MUC» 
MNCtt 


PRACTICAL 
FACTORS 


Locally 
prepared 

check-* 

offa^ 


Record of Practical factors, NavPers 1414/1, must be 
completed for E-3 and all PO advancements. 


PERFORAfANCE 
VEST 


*»w 

***'*•*•'•*•*•* 
****** *•*•* 


•'•* %*■%*♦* 
'•*•%*•*• 




Specific ratings must complete 
applicable performance tests be- 
fore taking examinations. 


■ • ■ •moTa ■■ ■■■■la**********«*aaa*| 
>aaa*a*a*a a*«a«1 a*aa**a**a*a*aa*a 
a***aaaaa*aaaa4'**"**'*aaaaa*** 

• a*a a*aaa •••aal ••••aa*«»a«a*aa*« 
aa*««aaa«aa*aa 4' 

••••••• • a ••aaa1*****'«*««*«aa*«a 

***«**aaa*a*aa J' aaaaaa aaa 
a«*««a«a a •••a •■••■•■■•a •*^%*mm»m 

••aa*aaaa«*«aala«**aaa*«aaa*aa*a 

■ ••••••a««*«aa «|* •••••••••••••••• | 

••a**a*aa***a*| 


ENLISTED 
PERFORMANCE 
EVALUATION 


As used by CO 
when approving 
advancement. 


Counts toward performance &ctor < 
vancement multijde. 


credit in ad- 


WA MTMA TTDMS 

AAA 1mUVU% X rSJl'lO 

RATE TRAINING 
MANUAL (INCLUD- 


Locally 
prepared 
tests. 


See 
below. 

Require 
unless 
tion« bv 


Navy-wide examinations required 
for all PO advancements* 

id for E-3 and all PO advancements 
waived because of school comple- 
tt need not be repeated if identical 


Navy-^wide, 
seleottoQ boarda 

Correspondent 
courses and 

recommended 


INO MILITARY 
REQUIREMENTS) 

AUTH0RI2ATI0M 


Comman 
Office 


course 
Nkv 

iding 
r 


has already been completed^ See 
Tra 10052 (current editloi^* 

Naval Examining Center 


resdlng. See 
NkvTra 10052 
(current edition). 



* All advancementa racfuire commanding officer's recommendation. 

1 1 year obligated aervlce required for E~5, and E-6: 2 years for E-7, E-8, and E-9. 

# Military leadership exam required for E-4 and E-S. 

*• For E-2 to E-3, NAVE3MMCEN exams or locally prepared testa may be used. 
M Wkived for qualified EOD personnel. 
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RKIUIREIIERTS * 


El to 
E2 


E2to * 
E3 


E3 to 
E4 


E4 to 
E5 


E5 to 
E6 


E6to ' 
E7 


E8 


E9 j 


IN 6RA0E 


4 IQOS. 


8 mos. 


6 mos. 


12 mos. 


24 mos. 


36 mos. 

Willi 

total 
8 yrs 
service 


35 mos. 
vritti 

lOul 

11 yrs 
service 


24 mos. 
witn 

tfltal 1 

13 yrs 
service 


TOTAL TRAINIHG 
DUTY IH 6RADE t 


14 days 


14 days 


14 days 


14 days 


28 days 


42 days 


42 days 


28 days 


PERFORtlANCE 
TESTS 






Specined ratings must complete applicable 
performance tests netore taking examination. 


DRIU 
PARTICIPATION 


Satisfactory participation as a roeniber of a drill unit 
io accordance witn BUPERSINST 5400.42 series. 


PRACTICAL FACTORS 
IINCIUDIHG MILITARY 
REOUIREMENTS) 


Record of Practical Factors. NavPers 1414/1. must be completed 
tor all advancements. 


RATE TRAINING 
MANUAL IINCLUDIN6 
MlinARY REQUIRE 
MENTS) 


Completion of applicable course or courses must be entered 
u service record. 


EXAMINATION 


Staadard Eiam 


Staadard Eiam 
reoolred tor aU PO 
advancements. 
Also pass 
HUitanf Leaaersliip Exam 
tor E-4 and E*5. 


Standard Eiam. 
Selection Board. 


AUTHORIZATION 


Commanding 
Officer 


Naval Examining Center 



♦Recommendation by commandinc officer required for all advancements. 
« Active duty periods may be substituted for training duty. 
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advanced, it does guarantee that all men witliin 
a particular rating will have equal advancement 
opportunity. 

The following factors are considered in com- 
puting the final multiple: 



POINTS 




WhlCiHl 


80 (MAX) 


Examination Score 


40% 


SO (MAX) 


Performance (Average 


25% 


20 (MAX) 


of marks received) 




Total Active Service 


10% 




(1 peryr) 




20 (MAX) 


Time in Present Grade 


10% 


IS (MAX) 


(2 per yr) 




Awards 


7.5% 




(pts per award) 




IS (MAX) 


PNA 


7.5% 




(Maximum 3 per 






exam cycle) 





200 (MAX POSSIBLE) 1 00% 



PNA (passed, not advanced) points are 
awarded as follows: A maximum of three points 
can be accrued each examination. Over five 
examination cycles, a maximum of 15 points 
can be obtained. The Naval Examining Center 
maintains historical tapes on candidate PNA 
point awards. These are awarded to passing 
candidates not advanced as follows: 



EXAMINATION FACTOR 
STANDARD SCORE 

RELATIVE STANDING POINTS 



Exceeding above average 


1.5 


(Score in 70s) 




Above average 


1.0 


(Score in 60s) 




Average 


0.5 


(remainder of passing candidates) 




PERFORMANCE EVALUATION FACTOR 


RELATIVE STANDING 


POINTS 


Upper 25% by peer group standing 


l.S 


Peer group standing of 26% - 50% 


1.0 


Peer group standing of 5 1% - 75% 


0.5 


Lower 25% by peer group standing 


0.0 
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NOTE: Maximum of 3 multiple points per 
cycle. 

All of the preceding information (except the 
examination score) is submitted to tlie Naval 
Examining Center with your examination an- 
swer sheet. After grading, the examination 
scores, for those passing, are added to the other 
factors to arrive at the final multiple. A prece- 
dence list, wliich is based on final multiples, is 
then prepared for each pay grade within each 
rating. Advancement authorizations are then 
issued, beginning at the top of the list, for the 
number of men needed to fill the existing 
vacancies. 

HOW TO PREPARE FOR 
ADVANCEMENT 

What must you do to prepare for advance- 
ment? You must study the qualifications for 
advancement, work on the practical factors, 
study the required rate training manuals, and 
study other material that is required for ad- 
vancement in your rating. To prepare for ad- 
vaticement, you will need to be familiar with 

(1) the Quab Manual, (2) the Record of Practi- 
cal Factors, (3) the Bibliography for Advance- 
ment Study, NAVTRA 10052, and (4) appli- 
cable rate training manuals. The following sec- 
tions describe them and give you some practical 
suggestions on how to use them in preparing for 
advancement. 

Quals Manual 

The Manual of Qualifications for Advance- 
ment, NAVPERS 10688-C (with changes), gives 
the minimum occupational and militaiy qualifi- 
cation standards for advancement to each pay 
grade within each rating. This manual is usually 
called the **Quals Manual," and the qualified^ 
tions themselves are often called **quals." The 
qualifications standards are of two general 
types: ( 1 ) military qualification standards and 

(2) occupational qualification standards. 
MILITARY STANDARDS are requirements 

that apply to all ratings rather thar« to any one 
particular rating. Military requirements for ad- 
vancement to third class and second class petty 
officer rates deal with military conduct, naval 
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organization, military justice, security, watch 
standing, and other subjects which are required 
of petty officers in all ratings. 

OCCUPATIONAL STANDARDS are require- 
ments that are directly ;elated to the work of 
each rating. 

Both the military requirements and the occu- 
pational qualification standards are divided into 
subject matter groups. Within each subject 
matter group, they are further divided into 
PRACTICAL FACTORS and KNOWLEDGE 
FACTORS. Practical factors are things you must 
be able to DO. Knowledge factors are things 
you must KNOW in order to perfonn the duties 
of your rating. 

In most subject matter areas, you will find 
both practical factor and knowledge factor 
qualifications. In some subject matter areas, 
you may find only one or the other. It is 
important to remember that there are some 
knowledge aspects to all practical factors, and 
some practical aspects to most knowledge fac- 
tors. Therefore, even if the Quels Manual indi- 
cates that there arc no knowledge factors for a 
given subject matter area, you may still expect 
to find examination questions dealing with the 
knowledge aspects of the practical factors listed 
in that subject matter area. 

You are required to pass a Navywide military/ 
leadership examination for E-4 or E-5, as appro- 
priate, before you take the occupational exami- 
nations. The military/leadership examinations 
are administered on a schedule determined by 
your commanding officer. Candidates are re- 
quired to pass the applicable military/leadership 
examination only once. Each of these exami- 
nations consists of 100 questions based on infor- 
mation contained in Military Requirements for 
Petty Officers 3 &2. NAVPERS 10056 (current 
edition) and in other publications listed in 
Bibliography for Advancement Study, NAVPERS 
10052 (current edition). 

llie Navywide occupational examhiations for 
pay grades E-4 and E-5 will contain 150 ques- 
tions related to occupational areas of your rating. 

If you are working for advancement to 
second class, remember that you may be exam- 
ined on third class qualifications as well as on 
second class qualifications. 

The Quals Manual is kept current by means, 
of changes. The occupational qualifications for 



your rating which are covered in this training 
manual were current at the time the manual 
was printed. By the time you are studying this 
manual the quals for your rating may have been 
changed. Never trust any set of quals until 
you have checked it against an UP-TO-DATE 
copy in the Quals Manual. 



Record of Practical Factors 

Before you can take the servicewide examina- 
tion for advancement, there must be an entry in 
your service record to show that you have quali- 
fied in the practical factors of both the military 
qualifications and the occupational qualifica- 
tions. The RECORD OF PRACTICAL F.\C- 
TORS, mentioned eariier, is used to keep a 
record of your practical factor qualifications. 
This form is available for each rating. The 
forms list all practical factors, both military 
and occupational. As you demonstrate your 
ability to perform each practical factor, appro- 
priate entries are made in the DATE and 
INITIALS columns by supervising or senior 
PO*s. 

Changes are made periodically to the Manual 
of Qualifications for Advancement, and revised 
forms of NAVPERS 1414/1 are provided when 
necessary. Extra space is allowed on the Record 
of Practical Factors for entering additional fac- 
tors as they are published in changes to the 
Quals Manual The Record of Practical Fac- 
tors provides space for recording demonstrated 
proficiency in skills which are within the gen- 
eral scope of the rating but which are not 
identified as minimum qualifications for advance- 
ment. 

Until completed, the NAVPERS 1414/1 is 
usually held by your division officer for inser- 
tion in your service record. If you are trans- 
ferred before qualifymg in all practical factors, 
the incomplete form should be forwarded with 
your service record to your next duty station. 
You can save yourself a lot of trouble by making 
sui« that this form is actually inserted in your 
service record before you are transferred. If the 
form is not in your service record, you may be 
required to start all over agau) and requalify in 
the practical factors which have already been 
checked off. 



ERIC 



DATA PROCESSING TECHNICIAN 3 & 2 



NAVTRA 10O52 

Bibliography for Advancement Study, NAV- 
TRA 10052 (revised), is a very important publi- 
cation for any enlisted person preparing for 
advancement. This bibliography lists required 
and recommended rate training manuals and 
other reference material to be used by personnel 
woiicing for advancement. 

NAVTRA 10052 is revised and issued once 
each year by the Naval Training Support Com- 
mand. Each revised edition is identified by a 
letter following the NAVTRA number. When 
using this publication, be SURE that you have 
the most recent edition. 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NAVTRA 10052. a supplementary list of study 
material may be issued in the form of a NAV- 
TRA Notice. When yoa are preparing for ad- 
vancement, check to see whether changes have 
been made in the qualifications for your rating. 
If changes have been made, see if a Notice has 
been issued to supplement NAVTRA 10052 for 
your rating. 

The required and recommended references 
are listed by pay grade in NAVTRA 100^2. If 
you are working for advancement to third class, 
study the material that is listed for third class. 
If you are working for advancement to second 
class, study the material that is listed for second 
class; but remember that you are also responsible 
for the reference listed at the third class level. 

In using NAVTRA i0052, you will notice 
that some rate trairiing manuals are maiiced with 
as asterisk {*). Any manual maiked in this 
way is mandatory-that is, it must be completed 
at the indicated rate level before you can be 
eligible to take the servicewide examination for 
advancement. Each mandatory manual may be 
completed by ( 1 ) passing the appropriate enlisted 
correspondence course that is based on the man- 
datory training manual; (2) passing locally pre- 
pared tests based on the information given in the 
training manual; or (3) in some cases, success- 
fully completing an appropriate Class A school. 

Do not overlook the section of NAVTRA 
10052 which lists the required and recommended 
references relating to the military qualification 
standards for advancement. Personnel of ALL 
ratings must completir the mandatory militaiy 



requirements traming manual for the appropriate 
rate level before they can be eligible to advance. 

The references in NAVTRA 10052 which are 
recommended but not mandatory should also be 
studied carefully. ALL references listed in 
NAVTRA 10052 may be used as a source mate- 
rial for the written examinations, at the appro* 
priate rate levels. 

Rate Training Manuals 

As a result of the establishment of the Naval 
Training Support Command under the Chief of 
Naval Training, new editions of rate traming 
manuals, correspondence courses, curricula, and 
other trainmg pubUcations formerly designated 
witli the abbreviation NAVPERS are being 
designated NAVTRA. This trainmg manual, for 
example, is NAVTRA 10264<:, which means 
that it is a publication of the Naval Training 
Support Command and succeeds a manual desig- 
nated NAVPERS 10264-B. 

In this chapter, and elsewhere in this manual, 
training publications which ahready carry the 
new abbreviations are so listed; those not yet 
changed are listed as NAVPERS numbers. 

There are two general types of rate training 
manuals. RATING manuals (such as this one) 
are prepared for most enlisted ratings. A rating 
manual gives information that is directly related 
to the occupational qualifications of ONE rating. 
SUBJECT MATTER manuals or BASIC manuals 
give information that applies to more than one 
rating. 

Rate training manuals are revised from time 
to time to keep them up to date technically. 
The revision of a rate training manual is identified 
by a letter following the NAVTRA number. You 
can tell whether any particular copy of a training 
manual is the latest edition by checking the 
NAVTRA number and the letter following this 
number in the most recent edition of List of 
Training Manuals and Correspondence Courses, 
NAVTRA 10061. (NAVTRA 10061 is actually 
a catalog that lists all cuirent training manuals 
and correspondence courses; you will find this 
catalog useful in planning your study program.) 

Each time a rate training manual is revised, it 
is brought into conformance with the official 
publications and directives on which it is based; 
but during the life of any edition, discrepancies 
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between the manual and the official sources are 
almost certain to arise because of changes to the 
latter which are issued in the interim. In the 
performance of your duties, you should always 
lefer to the appropriate official publication or 
directive. If the official source is listed in NAV- 
TRA 1 005 2, the Naval Examining Center uses it as 
a source of questions in preparing the Fleetwide 
examinations for advancement. In case of 
discrepancy between any publications listed 
in NAVTRA 10052 for a given rate, the 
Examining Center will use the most recent 
material. 

Rate training manuals are designed to help 
you prepare for advancement. The following 
suggestions will help you to make the best use 
of this manual and other Navy training publica- 
tions when you are preparing for advancement. 

1. Study the military qualifications and the 
occupational qualifications for your rating before 
you study the training manual, and refer to the 
quals frequently as you study. Remember, you 
are studying the manual primarily in order to 
meet these quals. 

2. Set up a regular study plan. It will prob- 
ably be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day. If possible, schedule your studying for 
the time of day when you will not have too 
many interruptions or distractions. 

3. Before you begin to study any part of 
the manual intensively, become familiar with 
the entire book. Read the preface and the 
table of contents. Check through the index. 
Look at the appendixes. Thumb through the 
book without any particular plan, looking at the 
illustrations and reading bits here and there as 
you see the things that interest you. 

4. Look at the training manual in more detail 
to see how it is organized. Look at the table 
of contents again. Then, chapter by chapter, 
read the introduction, the headings, and the 
subheadings. This will give you a pretty clear 
picture of the scope and content of the book. 
As you look through the book in this way, 
ask yourself some questions: 

What do I need to learn about this? 

What do I already know about this? 



How is this information related to informa- 
tion given in other chapters? 

How is this information related to the quali- 
fications for advancement? 

5. When you have a general idea of what is in 
the training manual and how it is organized, fill 
in the details by intensive study. In each study 
period, try to cover a complete unit-it may be a 
chapter, a section of a chapter, or a subsection. 
The amount of material that you can cover at 
one time will vary. If you know the subject 
well, or if the material is easy, you can cover 
quite a lot at one time. Difficult or unfamiliar 
material will require more study time. 

6. In studying any one unit -chapter, section, 
or subsection-write down the questions that 
occur to you. Many people find it helpful to 
make a written outline of the unit as they study, 
or at least to write down the most important 

7. As you study, relate the information in 
the training manual to the knowledge you already 
have. When you read about a process, a skill, 
or a situation, try to see how this information 
ties in with your own past experience. 

8. When you have fmished studying the unit, 
take time out to see what you have learned. 
Look back over your notes and questions. Maybe 
some of your questions have been answered, 
but perhaps you still have some that are not 
answered. Without looking at the training man- 
ual, write down the main ideas that you have 
gotten from studying this unit. Don*t just quote 
the book. If you can't give these ideas in your 
own words, chances are that you have not really 
mastered the material. 

9. Use enlisted corre^ondence courses when- 
ever you can. The correspondence courses are 
based on rate training manuals or on other appro- 
priate texts. As mentioned before, completion 
of a mandatory rate training manual can be 
accomplished by passing an enlisted correspond- 
ence course based on the rate training manual. 
You will probably fmd it helpful to take other 
correspondence courses, as well as those based 
on mandatory manuals. Taking a correspond- 
ence course helps you to master the information 
given m the training manual and also helps you 
to see how much you have learned. 
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10. Think of your future as you study rate 
training manuals. You are working for advance- 
ment to third class or second class right now, 
but someday you will be working toward higher 
rates. Anything extra that you can learn now 
will help you both now and later. 

SOURCES OF INFORMATION 

Besides training manuals, NAVTRA 100S2 
lists other publications on which you may be 
examined. You should not only study the 
sections required, but should become as familiar 
as possible with all publications you use. 

One of the most useful things you can learn 
about a subject is how to find out more about 
it. No single publication can give you all the 
information you need to perform the duties 
of your rating. You should learn where to 
look for accurate, authoritative, up-to-date in- 
formation on all subjects related to the militaiy 
requirements for advancement and the occupa- 
tional qualifications of your rating. 

PUBUCATIONS YOU SHOULD 
KNOW ABOUT 

This training manual covers only the basic 
principles of machine operation and control 
panel wiring for HAM data processing machines, 
and basic languages, components, and functions 
for programming and operation of an electronic 
data processing system (EDPS). While the infor- 
mation contained herein will give you a work- 
ing knowledge of the equipment and procedures 
discussed, it does not cover every aspect and 
feature of any particular type of component or 
system. 

Each different type of data processing instal- 
lation where Data Processing Technicians are 
assigned has a different set of manuals and in- 
structions for operating procedures and guide- 
lines. It is important that you obtain and study 
the appropriate publications pertaining to the 
type of work your installation performs. 

Technical Manuals 

Manufacturers* technical manuals are usually 
furnished to the activity upon request. These 
manuals contain detailed information concerning 



machine operation, including information on 
optional and special devices with which machines 
may be equipped. 

It is recommended that, in order to broaden 
your knowledge of the particular device or de- 
vices with which you are working, you obtain 
and study the appropriate manufacturers* tech- 
nical manuals, as these manuals cover in detail 
the areas covered broadly in the rate training 
manualiu 

SECURITY 

The security of the United States in general, 
and of Naval operations in particular, depends 
to a large extent upon the success attained in 
safe-guarding classified materials. The Navy man 
will be exposed to classified material ahnost on 
a daily basis. Because of this frequency of expo- 
sure, it is necessary that the regulations per- 
training to access and handliiig not only be known 
but also followed. 

SECURITY CLASSIFICATIONS 

Official information that requires protection 
in the interest of national defense is limited to 
three categories of classification. In descending 
order of importance, these categories are Top 
Secret, Secret, and Conff<»ential. 

TOP SECRET.-Top Secret material or infoi^ 
mation is that of which the defense aspect is 
paramount, and the unauthorized disclosure of 
which would result in EXCEPTIONALLY 
GRAVE DAMAGE to the Nation. Such grave 
damage might consist of, but is not limited to- 

1 . Leading to a definite break in diplomatic 
relations affecting the defense of the United 
States, an armed attack against the United States 
or her allies, or a war. 

2. The compromise of military or defense 
plans, or intelligence operations, or scientific 
or technological developments vital to the na- 
tional defense. 

SECRET.-The classification Secret is limited 
to defense information or material, the un- 
authorized disclosure of which could result in 
SERIOUS DAMAGE to the Nation, such as 
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jeopardizing the international relations of the 
U.S., endangering the effectiveness of a program 
or policy of vital importance to national defense, 
compromising unportant military or defense 
plans or technological developments, or reveal- 
ing important intelligence operations. 

C0NFIDENT1AL.-The use of the classifica- 
tion Confidential is limited to defense informa- 
tion or material, the unauthorized disclosure of 
which could be PREJUDICIAL TO THE DE- 
FENSE INTERESTS of the Nation, such as: 

1. Operational and battle reports that contain 
information of value to the enemy 

2. Intelligence reports 

3. Military radiofrequency and call sign allo- 
cations that are especially important, or are 
changed frequently for security reasons 

4. Devices and material relating to commu- 
nication security 

5. Information that reveals strength of land, 
air, or naval forces in the United States and 
overseas areas, identity and composition of units, 
or detailed information relating to their equip- 
ment 

6. Documents and manuals containing tech- 
nical information used for training, maintenance, 
and inspection of classified munitions of war 

7. Operational and tactical doctrine 

8. Research, development, production, and 
procurement of munitions of war 

9. Mobilization plans 

10. Personnel security investigation and other 
investigations, such as courts of inquiry, which 
require protection against unauthorized dis- 
dosure 

11. Matters and documents of a personal or 
disciplinary nature, which, if disclosed, could 
be prejudicial to the disciplme and morale of the 
armed forces 

12. Documents used in connection with pro- 
curement, selection, or promotion of military 
personnel, the disclosure of which could violate 
the integrity of the competitive system. 

NOTE: Official hiformation of the type de- 
scribed in items 10, 11, and 12 is classified 
Confidential only if its unauthorized disclosure 
could in fact be pr^udicial to the defense 
interests of the Nation. 



SECURITY AREAS 

The shipboard and shore station spaces that 
contain classified matter are known as security 
areas. These security areas (sometimes called 
sensitive areas) have varying degrees of security 
interest, dependuig upon their purpose and the 
nature of the work and information or materials 
concerned. Consequentiy, the restrictions, con- 
trols, and protective measures required vary ac- 
cording to the degree of security importance. 
To meet different levels of security sensitivity, 
three types of security areas have been estab- 
lished: EXCLUSION, LIMITED, and CON- 
TROLLED areas. 

EXCLUSION AREA. -The cryptocenter, reg- 
istered publications issuing office (RPIO) vault, 
classified conference room, and other spaces 
requiring the highest degree of control of 
access are designated exclusion areas. They 
contam classified matter of such nature that 
admittance to the area permits, for all practical 
purposes, access to such matter. 

Exclusion areas are fully enclosed by walls 
or bulkheads of solid construction. All en- 
trances and exits are guarded, and only persons 
whose duties require access and who possess 
appropriate security clearances are authorized 
to enter, after being positively identified. Noi^ 
mally, a list of personnel authorized entry, 
signed by the CO, is posted in the area. 

UMITED AREA.-Radio central, message 
center, relay station, transmitter rooms, and 
other communication spaces usually are desig- 
nated limited areas. 

Operating and maintenance personnel whose 
duties require freedom of movement within 
limited areas must have proper security clear- 
ances. The commanding officer may, however, 
authorize entrance of persons who do not have 
clearances. In such instances, escorts or attend- 
ants and other security precautions must be used 
to prevent access to dasdfied information located 
within the area. 

Entrances and exits of limited areas are either 
guarded or controlled by attendants to chedc 
personnel identification, or they may be pro- 
tected by automatic alarm systems* 
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CONTROLLED AREA. -Passageways or 
Vaces surrounding or adjacent to limited or 
exclusion areas are often designated controlled 
areas. Although a controlled area does not con- 
tain classified information, it serves as a buffer 
zone of security restriction. Moreover, it pro- 
^des greater control, safety, and protection for 
limited and exclusion areas. 

Controlled areas require personnel identiflca- 
tion and control systems adequate to limit 
admittance to those having bona iide need for 
access to the area. 

SECURITY INVESTIGATIONS 
AND CLEARANCES 

Before a person can have access to classifled 
material, his character and his past must be 
checked to the extent appropriate to the sensi- 
tivity of the material he will be handling. Fol- 
lowing are the two basic qualifications. 

1. He must be of unquestionable integrity, 
trustworthiness, and loyalty to the United States. 

2. He must be of excellent character and 
of such habits and associations as to cast no 
doubt upon his discretion and good judgment in 
handling classified information. 



types of Investigations 

To determine whether an individual meets 
the criteria for a security clearance, two types 
of personnel security investigations are made. 
They are the national agency check (NAC) and 
the background investigation (BI). 

A national agency check consists of the review 
of the records and files of several Government 
agencies'to determine if any derogatory informa- 
tion exists on the individual or on an organiza- 
tion to which he may have belonged. 

The background investigation is much more 
extensive than a national agency check. It is 
designed to develop information on whether the 
access to classified information by the person 
being investigated is cleariy consistent with the 
interests of national security. It inquires into 
the loyalty, integrity, and reputation of the 
individual. 



Types of Clearances 

A personnel security clearance is an adminis- 
trative determination that an individual is eligible, 
from a security standpoint, for access to classi- 
fied information of the same or lower category 
as the clearance being granted. 

Of the two types of clearances (INTERIM and 
FINAL), an interim clearance is granted as the 
result of a lesser investigative process, and is a 
method for establishing temporary eligibility for 
access to certain levels of classiHed information. 

An interim clearance is granted only when 
the delay in waiting for completion of the 
necessary steps for final clearance would be 
harmful to the national interest. Procedures to 
effect a final clearance are initiated simulta- 
neously with initiation of the procedures for an 
interim clearance. The only type of clearance 
not granted to military personnel is the interim 
CONFIDENTIAL. 

A final clearance is granted when it is deter^ 
mined that an individual is eligible, from a 
security standpoint, for access to classified in- 
formation of specific levels. 

Each clearance, final and interim, is evidenced 
by a certificate of clearance. Certificates of 
clearance are made a matter of record and be- 
come a permanent part of an individual's service 
record. 

SECURITY VIOLATION 
AND COMPROMISES 

No one in the Navy is authorized to handle 
any classified material except that required in 
the performance of duty. All other persons are 
unauthorized, regardless of grade, duties, or 
clearance. 

If it is known-or even suspected-that classi- 
fied material is lost, or is passed uito the hands 
of some unauthorized person, the material is 
said to be compromised. The seriousness of the 
compromise depends on the nature of the mate- 
rial and the extent to which the unauthorized 
person may divulge or make use of what he 
learns. 

Individuals found responsible for the loss, 
unauthorized disclosure, or possible subjection 
to compromise of classified information, and 
individuals who violate security regulations, are 
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promptly disciplined regardless of rank or posi- 
tion. Disciplinary action for military personnel 
may include trial by court-martial. 



ACCOUNTING FOR AND CONTROL 
OF DISSEMINATION OF CLASSIFIED 
MATERL\L 

The control of classified material is necessary 
for several purposes. It must be controlled to 
limit dissemination and to prevent excessive 
. production or reproduction ; it must be controlled 
so that, when regraded or declassified, the hold- 
ers or recipients can be ascertained and notified; 
it must be controlled so that the office or person 
normally responsible for its security can be 
ascertained; and Top Secret material must be 
controlled so that its location can be determined 
promptly and so that those who have access to 
its contents can be ascertained. These require- 
ments can generally be fulfilled by effective 
supervision, conscientious and informed execu- 
tion of personal responsibilities, and efficient 
administration. In addition, the importance 
of Top Secret material requires a formal record 
for hand to hand transfer of custody from one 
accountable office or command to another. 
Secret material also requhres a record of transfer 
of custody from one accountable command to 
another; and for Top Secret material, there is a 
special system for recording those who have 
access to Top Secret material. 

The accounting system for an activity must 
provide readily available information on: what 
classified material it has received, what classi- 
fied material it has produced, who has custody 
of a particular Top Secret document, and what 
disposition has been made of Top Secret and 
Secret material. 

When military or civilian personnel resign 
c» are to be separated from the Naval Establish- 
ment or released from active duty, all classified 
material held by them shall be turned in to the 
source from which received, to their command- 
ing officer, or to the nearest naval command, 
as appropriate, prior to delivery of final orders 
or separation papers. In addition, any person 
in the Naval Establishment about to be relieved 
must deliver to his successor all clasdfied mate- 
rial in his custody. Appropriate receipts must 



be completed covering as a minimum aU Top 
Secret material. 

Persons in command are responsible for con* 
trolling the dissemination of classified informa- 
tion emanating from or distributed within their 
commands. They arc also responsible for the 
promulgation of additional directives that may 
be required to prevent unauthorized dissemina- 
tibn of information under their control. Classi- 
fied material must not be removed from a com- 
mand without the specific permission of the 
commanding officer or his authorized represen- 
tative. 

The dissemination of classified material is 
limited to those persons whose official duties 
require them to have knowledge or possession 
of such material. Responsibility for determining 
whether a person's official military or other 
governmental duties require that he possess or 
have access to any classified information and 
whether he is authorized to receive it rests upon 
each individual who has possession, knowledge, 
or command control of the information involved, 
and not upon the prospective recipient. These 
principles are equally applicable whether the 
prospective recipient is an individual, a U. S. 
military command, a defense contractor or an- 
other federal agency. In the case of a foreign 
government there is the additional requirement 
for written authorization from the Chief of Naval 
Operations. 

Classified information must not be disclosed 
over telephones because of the insecurity due to 
executive cut-in, phantom voice interception, 
microwave transmission intercept, and wire- 
tapping. Telephones located in sensitive areas 
must be provided with a means of complete dis- 
connection such as a plug or jack arrangement 
if they are to be considered safe. Intercom 
systems located in sensitive areas must be con- 
fined to the ^nsitive area. 

From a security viewpoint, the printing, du- 
plicating or reproduction of classified material 
poses many problems; it contributes to the hi- 
creasing volume of classified material; it permits 
quick and easy production of uncontrolled 
material containing classified information; the 
equipment or processes require care or special 
procedures to prevent or eliminate latent im- 
pressions or offset versions of the classified infor- 
mation; and a quantity of excess and waste 
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material is prodiiLvd which can also contribute 
to conipromisu of the classified information. 

Classified material may be produced or re- 
produced, however, when authorized by appro- 
priate authority. Classified material produced 
or reproduced by any means must be recorded, 
and samples, waste or overruns resulting from 
tiie reproduction process must be safeguarded 
as specified in the Department of the Navy 
Security Manual for Classified Information, OP- 
NAV Instruction 55 10.1 series. 

Transmission of Classified Material 

Classified material must be saf'*guarded during 
transmission from one place ^ another as well 
as when held within a command. Due to the 
very nature of the problem, comprc^mise or loss 
is more probable during transmission that at 
any o'her lime. Kor this reason, specific rules 
ensure maximum security consistent with the 
need for rapid communication of the informa- 
tion. 

Top Secret material may not be sent through 
any postal system, United States or foreign. It 
may be transmitted only by one of the following 
means* 

1. Direct personal contact of military person- 
nel (E-7 or above) and U. S. civilian employees 
(GS-7 or above) who have been cleared for access 
to Top Secret information. Military personnel 
(E-5 and E-6) and U. S. civilian employees (GS-5 
and GS-6) who have been cleared for access to 
Top Secret information may transmit between 
Department of Defense elements located in rela- 
tive close proximity to one another, provided the 
transmission is accomplished (begun and com- 
pleted) during normal daytime duty hours on 
the same day. 

2. Armed Forces Courier Service. 

3. Electric means in encrypted form. 

Secret and Confidential n.>iterial may be sent 
by any of the methods authorized for trans- 
mitting Top Secret material, or by U. S. regis- 
tered mail. 

The foregoing rules apply only within the 
continental United States. When the national 
borders must be crossed, the rules are modified 
slightly. Secret and Confidential matter can be 



transmitted by U. S. registered mail provided it 
stays within U. S. militaiy postal channels. Within 
the continental U. $., Canada, and Alaska, Secret 
and Confidential may be sent by registered mail 
with registered mail receipt. 

Commanding officers are authorized to estab- 
lish systems for transmitting classified material 
within the confines of their commands. Such 
systems must ensure that: 

1. Top Secret material always is controlled 
by Top Secret control officers. 

2. Personnel transmitting the classified mate- 
rial have security clearances for the highest cate- 
gory they are allowed to handle. _ 

3. Personnel whose primary duties entail trans- 
mission of classified material are authorized in 
writing for such duties. 

4. All personnel entrusted with transmitting 
classified material are instructed properly con- 
cerning their duties. 

Transmission of classified material to Depart- 
ment of Defense contractors must meet the fol- 
lowing conditions: 

1. The contractor must have an appropriate 
clearance. 

2. The releasing activity having cognizance 
over the contract or program under which the 
classified material is being released must deter- 
mine that the contractor has a **need to know." 

3. The recipient of the classified material 
must have the ability to physically safeguard 
the material. 

Stowage of Classified Material 

All classified matter not in actual use must 
be stowed in a manner that will guarantee its 
protection. The degree of protection necessary 
depends on the classification, quantity, and 
scope of the material. 

A numerical evaluation system has been de- 
veloped for determining the relationship between 
the security interest and the level of protection 
required. The more secure the stowage facilities, 
the higher are the numerical values assigned. 
Figure 1-3 shows the numerical values required 
for quantity and type of documents of each 
classification. Figure 1-4 is a guide for evaluating 
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Element of Security 



Value 



1. StowAce Areie: 

Security Fences: 

(1) CUASified area surrounded by a seeurity 
feoee with all gates secured or con* 

troUed 5 

b. Protective Lighting: 

(1) Security aresa lighted by protective 

lighting 5 

e. Building or Ship:* 

(1) Conventional frame or good quality 
temporary structure 5 

(a) Controlled areas within 15 

(b) Limited areas within 25 

(e) Exclusion areas within 35 

(2) Masonry or iteel structure with aub* 
•tantial partitions, floors and ceUinp (in* 
oludipg magazines) 10 

(a) Controlled areas within 20 

(b) Limited areas within 30 

(e) Exclusion areas within 40 

(3) Aboard a Commissioned Ship 25 

(a) Controlled area 35 

(b) Limited area 40 

(e) Exclusion area SO 

(4) **ln Service*' or MSC chartered vessel. 10 

(a) Controlled areas within ^ 

(b) Limited areas within 30 

(e) Exclusion areas within 40 

X Stowaje Container! 

a. Metal, keylock (buUt-in)/. 0 

b. Metal, key padlock (attached) 0 

a. BCetal, high security key padlock (rU 

taehed) 5 

d« Metal, combination padlock (attached) 5 

#• Metal, high security combination padlock 

(attgehed) 10 

t MetM, combination lock (buQt-In) 15 

g« Strongroom or weapons magaalne 15 

h. ClasaC Vault 50 

I. OssiB Vault 00 

J, QaaaAVault 70 

Ik. Clasi^ approved GSA security container. • 60 

L dasi 3, approved GS A security container^ . 50 

m. Clsas 4, approved GS A security container. . 60 

s* Class 5, approved GS A security container. . 70 

o. CSauO, approved GSA security container.. 55 
p. Clau 5 map and plan, approved GSAsecu* 

rity container 70 



Element of Security 



Valtia 



2! Stowage Contalnenn-Continued 

q. CJlass 6 map and plan, approved OSA secu- 
rity container 55 

3. Guarding: 

a. Supporting Guard Force: 

(1) Civilian Supporting Guard Force 10 

MUitary Supporting Guard Force 15 

b. Guards: 

(1) Civilian Guards: 

(a) Civilian guard in general area 10 

(b) Civilian guard check of container 
each hour 15 

(c) Civilian guard check of container 

each J4 hour 20 

(d) Civilian gusrd in attendance at 
container 30 

Military Guards: 

(a) MUitary guard in general area 15 

(b) Military guard check of container 
each hour 20 

(c) Military guard check of contaiuer 
each H hour 25 

(d) Miliury guard in attendance at 
container 60 

c. Sentry dog accompanying military or 
civilian guard 10 

4. Protective Alarm Systems: 

a. Area Alarm System: 

(1) Make or break (electro-mechanical) 
alarm to detect entry into immediate 
area 5 

(3) Other alarm system to detect entry 

into immediate area 10 

(3) Alarm system to detect entry or 
attempted entry into immediato 

area 15 

(4) Alarm system to detect entry or at* 
tempted entry and approach to im- 
mediate grea 25 

b. Container Alarm S>*stems: 

(1) Make or break (eteotro-mecbanlcal) 

alarm to detect openbig of container.. 10 

(5) Other alarm s>-stem to detect, opening 

of container 15 

(3) Alarm system to detect opening or 
tampering with container. 90 

(4) Alarm system to detect opening w 
tampering with and approach to con« 
talner 35 



* iclldlais muit be und«r U.S. Go? emmtnt control or If not tti^ 
UJ. OcfinBsat eofitrol tiis ipscs QocupM wfihla the bnUdtai auMt 
kaal hsslassaifsiM sfis. 



— gtslosto as liidicatod prct Idtd othor sWmsott la the tsettritr pro* 
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leiksosatalasr. 
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stowage facilities. Both of the figures must be 
used together. 

Assume that a ship stows plain language trans- 
lations of encrypted messages in a metal con- 
tainer with attached keylock in the crypto- 
center. Visitors are not allowed in any of the 
.communication spaces. Only cryptographers 
may enter the cryptocenter itself or remove any- 
thing from its safe. The cryptographer on watch 
acts as a guard in attendance at the container. 
From Figure 1-4 a numerical value may be as- 
signed to these facilities as follows: 

VALUE 

Sheltered aboard a commissioned 

ship 25 

Stowed in metal container with 

attached high security key padlock ... 5 

Military guard in attendance at 

counter 60 

Total 90 

From the graph in figure 1-3 it can be seen 
that stowage facilities with a numerical value of 
90 are secure enough for everything but large 
quantities of Top Secret equipment and large 
quantities of Top Secret documents covering a 
broad scope. 

Keys or combinations to safes and lockers 
containing classified material are made available 
only to persons whose duties require access to 
them. At least every 12 months keys or com- 
binations must be changed. They also must be 
changed whenever any person having knowledge 
of them is Uansferred from the organization, 
and at any time the keys or combinations are 
suspected of being compromised. A key pad- 
lock should also be changed whenever a key is 
tost. 

Any time discovery is made of an unlodced 
and unattended safe or cabinet that contams 
dassified material, report the condition imme- 
diately to the senior duty officer. Do not touch 
the container or contents, but guard them until 
the duty officer arrives. The duty officer then 
assumes responsibility for such further actions 
as locking the safe, recalling the responsible 



persons, and reporting the security violation to 
the commanding officer. The custodian must 
hold an immediate inventory of the contents of 
the safe and report any loss to the commanding 
officer. 

Destruction of Classified Material 

Classified material that is not required must 
not be allowed to accumulate. It must either be 
sent to stowage at a naval records management 
center, or it must be destroyet". Classified docu- 
ments are destroyed by burning, pulping, pul- 
verizing, or shredding. Burning is the method 
most commonly used in the fieet. When destraction 
is accomplished by means other than burning, 
the residue must be inspected to ensure com- 
plete mutilation. 

When classified papers are burned, the de- 
struction must be witnessed- by two com- 
missioned officers. If sufficient officers are 
unavailable, warrant officers, enlisted men (E-7 
or above), or U.S. civilian employees in grade 
GS-7 or above may witness the burning, pro- 
vided they are cleared for at least the hi^est 
classification of material being destroyed. If 
none of these personnel categories are available, 
a mature and reliable enlisted man in pay grade 
E-5 or E-6, or a U.S. civilian employee in grade 
GS-5 or GS-6, may be designated as a witnessing 
official. 

Destruction of classified matter falls into two 
categories, routine and emergency. Destruction, 
when authorized or ordered, must be complete. 
Destruction of superseded and obsolete classi- 
fied materials that have served their purpose is 
termed routine destruction. Emergency destruc- 
tion of classified material is authorized when 
there is danger of the material falling into enemy 
hands. 

The most efficient method of destroying com- 
bustible material is by burning. It is likely that 
as a DP 3 or 2 you may be called upon to assist 
in burning classified material. Every member of 
the bum detail should know exactly what is to 
be burned and should doublecheck each item be- 
fore it is burned. To facilitate complete destruc- 
tion of bound publications, tear them apart, 
crumple the pages, and feed the pages to the fire 
a few at a time. If bum material is carried in a 
bag that is not to be burned, turn the bag inside 
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out to make certain eve^y piece of paper is re- 
fuovcii and burned. All material must be 
watched until it is completely consumed. The 
ashes must be broken up and scattered so that 
no scraps escape destruction* 

When no incinerator is available^ which often 
is true aboard ship, classified material may be 
biinied in a perforated metal drum or container 
with a cover of wire netting. Care must be taken 
to prevent the classiOed material from being car- 
ried away by the wind. As destruction is accom- 
plislicd. a list is made of the material that has 
been destroyed. Informing higher authority of 
exactly what material has been destroyed is 
second in importance only to the actual de- 
struction. 

I nieriiiL-ncy destruction of classified material 
is authorized any time it is necessary to prevent 
its capture by an enemy. On board ship, classi- 
fted material is not subjected to the same risks 
as on land. If a ship is in danger of sinking or 
is severely disabled, however, action is taken in 
accordance with the ship's emergency destruc- 
tion bill, the execution of which is an all-hands 
evolution. This bill details the method and the 
order ol destruction of classified matter. 

Cryptographic (crypto) material has the high- 
est priority for emergency destruction. Insofar 
as humanly possible, it must not be permitted 
to (all into enemy hands. After crypto material 
is destroyed, noncrypto communications mate- 
rial by order of classification beginning with the 
highest classillcation is destroyed, then other 
classified material in the following order: 

1. ( lassified material pertaining to future 
phivs and operations. 

2. ( lassitled material pertaining to standing, 
operating, or tactical procedures. 

^. liquipment of a classified nature, together 
witli pertinent technical, descriptive, and oper- 
ating instructions. 

4. Remaining classified material, the order of 
destruction to follow classification; the highest 
classilled material being destroyed first. 

When it is necessary to dispose of equipment 
that nuist remain classified, destruction shall be 
accomplished by any means that will prevent 
recognition and reconstruction or by jettisoning 
in random water areas of at least 1000 fathoms 



depth. This does not apply to crypto equip* 
ment. Special instructions are issued for this 
equipment. 

m 

COMMAND SECURITY PRCK2RAMS 

Security is a means-not an end. Regulations 
that govern the security of classiHed material 
are comparable to electronic safety regulations. 
They do not guarantee protection, and they do 
not attempt to meet every conceivable situation. 
If strictly adhered to, however, they will provide 
a satisfactory degree of security. 

To ensure that the required security measures 
are implemented, each command formulates 
written security procedures to reflect the com- 
mand's particular requirements. These security 
procedures specify what is to be done, how it is 
to be done, who is to do it, and who is to supe^ 
vise it. 

In order that classiHed information may be 
controlled with maximum efficiency, the com- 
manding officer or officer in charge of each 
command designates an officer to act as the 
CLASSIFIED MATERIAL CONTROL OFFI- 
CER. In commands that initiate, receive, or 
process Top Secret documents, he appoints a 
TOP SECRET CONTROL OFFICER. When an 
activity possesses crypto material, the CO names 
a CRYPTO SECURITY OFFICER. In addition, 
certain commands may designate a SPECIAL 
SECURITY OFFICER. 

In performing his duties, the classified mate- 
rial control officer- 

1. Serves as the commanding officer*s advi* 
sor and direct representative in cases pertaining 
to security of classified material. 

2. Assures that all persons who are to handle 
classified information are properiy cleared and 
instructed. The clearance status should be re- 
corded and be accessible for verification. 

3. Formulates and coordinates security con- 
trol measures within the command. 

4. Maintains a program of dedassiflcation 
and downgrading of information. 

5. Prepares classification guides to aid in 
the proper classification ot material originated 
within the command. Preparation of such 
guides usually is limited to shore activities. 

6. Exercises security control over ^ts to 
and from the command. 
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7. Reviews proposed press releases, and indi* 
cates classified information that must be deleted 
thereform. 

8. Performs the duties of Top Secret control 
officer if another officer is not so designated. 

The Top Secret control officer, subordinate 
to the classifled material control officer, is re- 
sponsible within the command for the receipt, 
custody, accountability, and distribution of Top 
Secret information and for its transmission out- 
side the command. In performing his duties, the 
TOP SECRET control officer is governed by 
certain basic rules. He must, for instance- 

1. Avoid unnecessary dissemination of Top 
Secret information 

2. Release to a subordinate echelon only the 
absolute minimum of Top Secret information 
necessary for proper planning or action 

3. Transmit Top Secret information within 
the command by direct personal contact 

4. Maintain a continuous chain of receipts 
for Top Secret material 

5. Maintain a current roster of persons within 
the command who are cleared for access to Top 
Secret information 



Certain commands within the Naval Estab- 
lishment are de:ugnated to maintain a Special 
Security Officer (SSO). The Special Secu- 
rity Officer and all persons detailed to assist 
him are granted a special clearance by the 
designator. 

Material intendi^d for the Special Security 
Officer is wrapped in a double sealed opaque 
envelope. The outer container bears the com- 
mand address. The inner contabier bears the 
command address, the classification of the mate- 
rial, and the notation "To be Opened Only by 
the Special Security' Officer.** Packages so 
marked are immediately delivered, with the 
inner container unoptmed, to the Special Secu- 
rity Officer. If the receiving command does not 
have a Special Security Officer, the inner con- 
tainer is not opened and will be marked **No 
Special Security Officer at this Command.** 
The inner envelope is placed in an outer opaque 
envelope and returned to the sender via Armed 
Forced Courier Service. 

Additional information concerning security is 
included in the Department of the Navy Secu- 
rity Manual for Classified Information, OPNAV 
Instruction 55 10.1 series. 
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AUTOMATIC DATA PROCESSING 



For one person to know all there is to know 
about existing automatic data pioccssing equip- 
ment and systems is virtually impossible and ce^ 
tainly beyond the scope of this manual. Auto- 
matic data processing encompasses all operations 
from the collection of raw data to the flnal 
preparation of a meaningful report. Data proc- 
essing systems, regardless of size, type, or basic 
use, share certain common fundamental con- 
cepts and principles. To present a logical 
association of these concepts and principles, 
the subject matter in this chapter has been 
generalized. 

Automatic data processing, as we think of it 
today, normally conveys an image of flashing 
lights on a computer control panel and the spin- 
ning of reels of tape as they convert mountains 
of facts and figures into understandable terms 
and language. Facts needed to make decisions, 
solve formulas and equations, make analyses and 
diagnoses are all part of the expected by-product 
and end results of data processing. 

Development of the modem electronic com- 
puter cannot be clearly traced to one individual, 
or even a few. Its origins stem from the efforts 
of literally hundreds of men, including engi- 
neers, economists, and mathematicians. From 
human appendages to knotted strings; from sym- 
bols and numbers to the birth of mathematics 
and record keeping; from the ancient abacus to 
the slide rule and then(% to mechanical calcula- 
tors and comptometers; from punched cards and 
electrically powered business machines to the 
electronic computer; all these developments 
have phenomenally accelerated men's computa- 
tional ability. Today, hundreds of business 
firms, governmental agencies, and the militaiy 
services arc automatically processing data more 
effectively and more economically than ever 
before possible. 



THE REVOLUTION IN 
RECORDKEEPING 

No one can be certain when counting began, 
for even ancient man used his fingers and toes to 
indicate numbers. Down through the csntuiites, 
as the science of mathematics was developed, 
symbols and numbers dispensed with the job of 
counting things over and over each time, one by 
one. At the same time, the development of rec- 
ord keeping relieved man's burden of keeping 
everything in his head. 

PENCIL AND PAPER ACCOUNTING 

As long as businesses were small and commu- 
nications slow, the bookkeeper (Og. 2*1) took 
every accounting entry and laboriously updated 
it, manually entering figures and reaching true 
balances of business standings. After about 
1900, as businesses grew, the books became 
more complex and the lone bookkeeper could 
not cope with accounting problems on a manual 
basis. Since manual data processing was slow 
and vulnerable to human error, the trend from 
the earliest stages has been toward the replace- 
ment of human efforts ev«in when supplemented 
by mechanized tools (fig. 2-2). 

KEY-DRIVEN ACCOUNTING 

The ancestor of today's calculator was a set 
of numbered rods invented by John Napier in 

)fc jgrlny 

R49.178X 
Fieura 2-1.-P«ncil and papar •ooounttng. 
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R49.179X 
Figuro 2-2--Key driven accounting. 

the 17th century. They were called "Napier's 
Bones." (fig. 2-3) and simpHued multiplication. 
In 1642, Blaise Pascal's "toothed-wheel" adding 
device, the first calculating machine, had the 



additional ability to subtract. Refuicmcnts to 
this have resulted in the open market stylus cal* 
culators of today. Gottfried Wilhelm and Baron 
von Leibnitz invented the first mechanical calcu- 
lator (fig. 2-3) which could accurately perform 
the four arithmetic operations by simply turning 
its handle in a clockwise or reverse direction. In 
due time, these rudimentary devices were im- 
proved upon and with the advent of the Bur- 
roughs simple adding and listing machine in 
1890, the age of key-driven accounting rapidly 
advanced. However, all key-driven devices are 



1642: PASCAL'S CALCUUTING MACHINE. OPERATED 
BY TURNING WHEELS. THE RESULT APPEARS AT 
SIGHT HOLES ABOVE. AS IN TODAY'S MACHINES. 




NAPIER'S BONES. INVENTED IN 1617, 
SHOWING THE MULTIPLE OF 2X7*14. 





BURROUGHS 
EARLY ADDING 
MACHINE (1890) 



AN ORIGINAL CALCULATING MACHINE 
BUILT BY LIEBNITZ IN ABOUT 1694. 



Figure 2-3.-Advanceinent of calculating davicML 
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optiiated manually, not automatically. A^ a re* 
suit, both their speed and accuracy are limited 
by the operator's manual proficiency at manipu* 
lating the keyboard. 



PUNCHED CARD ACCOUNTING 

To meet the need for more efficient equip- 
ment, the makers of business machines revised 
an old tool for handling paperwork -the punched 
card. Joseph Jacquard, a French engineer, used 
it over 2(M) years ago to operate a loom for 
weaving cloth in a textile mill. A chain of stiff 
punched cards, held together by strings, was 
rotated past needles of the loom. As the cards 
advanced, the needles which matched the holes 
in the cards were able to pierce the cards to 
form a pattern in the woven cloth. This came 
to be known as the Jacquard Loom. 

The punched card idea disappeared until the 
later 1800s when Dr. Herman Hollerith adapted 
the theory to a smaller, more convenient card in 
which information could be punched (fig. 2*4). 
This was probably the most profound advance 
in data processing, for it introduced a system 
which employed for the first time the concept 
of mechanically stored information. 




R48.181X 
Figura 2-4.-PunclMd c«nl accounting. 



During the latter part of the 1880 census. 
Dr. Herman Hollerith was engaged by the United 
States Government to devise a faster method for 
processing the 1890 census. He worked out a 
mechanical system of recording, compiling, and 
tabulating census facts. The operating basis of 
this system was long strips of paper into which 
were punched census data in a planned pattern, 
so that each hole in a specific location meant 
a specific thing. This new system increased the 
accuracy of results and reduced the cost and 
time in preparing the census. Data were avail- 
able in 2'/i years. 



For the ease of handling and durability, these 
paper strips eventually were replaced by cards 
of a standard size and shape. 

By 1900, Hollerith had developed an auto- 
matic electric sorting machine (fig. 2-5), a semi- 
automatic tabulator, and a keypunch machine. 
These were forerunners of our present electric 
punched card data processing equipment which 
can automatically code, sort, store input, per- 
form calculations, and print output. The only 
required manual control is classifying data pre- 
paratory to punching, starting and stopping ma- 
chines, and moving cards from one machine in 
a system to another. 

ELECTRONIC DATA PROCESSING 

Electronic data processing (ED?) (fig. 2-6) is 
accomplished through principles of electronics 
rather than those of a mechanical or electro- 
mechanical nature. The first attempt to build 
a computer largely independent of operator ac- 
tion was in England in 1830 by Charles Babbage. 
Though the machine was a failure as a practical 
accounting device, due to the limited technology 
of that era, the underiying ideas are similar to 
those employed in today's computers. 

In 1944, an electromechanical digital com- 
puter, the Mark I, was completed at Harvard 
University for the U. S. Navy and was controlled 
by electromagnetic relays. Between 1942 and 
1946, the first truly electronic computer ENIAC 
(Electrical Numerical Integrator and Calculator, 
shown in fig. 2-7), was constructed at the Uni- 
versity of Pennsylvania and substituted elec- 
tronic tuVies for the electromagnetic relays. Dur- 
ing the past decade, the memory sections and 
processing circuitry of computers have been re- 
placed with magnetic cores, transistor and inte- 
grated circuits. With all the data processing 
functions of today virtually self-contained within 
the computer, little, if any, human intervention 
is required once the machine is given instruct 
tions. 

DATA PROCESSING BY EAM 

Despite the vast recent increase in the use of 
electronics, certain areas remain in which the 
employment of electronic data processing sys- 
tems is not practicable. In these areas, electric 
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R49.182X 

Figure 2-5.— Hollerith's early model tabulating machine and sorting i>ox. 
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R49.183X 
Figure 2*6.-Etoctranic data processing. 



accounting machine (EAM) systems function ef- 
fectively and provide the answer to mechanized 
data handling processes. System's which process 
data entirely from punched cards are normally 
referred to as PUNCHED CARD or EAM DATA 
PROCESSING SYSTEMS. Electrically powered 
machines so designed that each performs certain 
processing functions as directed by externally 
wired control panels (except key-driven and 



most sorting machines) arc clussificd as IXliC - 
TRIC ACCOUNTING MACHINES (EAM) or 
Unit Record Equipment. Tlie optimum use ot 
this equipment under precise rules of procedure 
can minimize clerical operations, standardise 
methods, and speed up output of records and 
reports. 

THE UNIT RECORD 

In a study of punched-card data processing it 
is essential to have a working knowledge of the 
system^s input medium, the punched card* I he 
card is used as a storage medium for inronua- 
tion which is in code. This code is character 
ized by a hole or combination of holes punched 
in a predetermined pattern into a card. 1 hesc 
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Fifiure 2-7.-ENtAa the fin 

holes serve as the machine equivalent of our 
language;. 

Iransferring information from a source docu- 
ment, such as Personnel Diary or supply requi- 
sition into cards, produces individual records of 
hundreds and thousands of transactions. Once 
holes have been correctly punched into a card, 
that card becomes a permanent UNIT RECORD 
which may be processed by different data proc- 
essing machines without losing any of its original 
information. The punched card is the basic unit 
of punched card accounting and the basis from 
which all mechanical data processing applica- 
tions evolve. 

The Punched Card 

The standard punched card is 7-3/8 inches in 
length, 3-1/4 inches in width, and .007 inches 
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t iril-eiectronic diflital computar. 

thick. Cards (fig. 2-8) often contain a comer 
cut, usually at the top left or right comer of the 
card. These comer cuts are normally used to 
identify a type of card visually, or to ensure that 
all cards in a group are facing the same direction 
and are right side up. 

The card is divided into 80 vertical columns, 
called CARD COLUMNS. These are numbered 
1 to 80 from left to right. Each column is then 
divided into 12 punching positions which form 
12 horizontal ROWS across the card. The 
punching positions are designate^t froio the top 
to the bottom of th^ by 12, 11 (often re- 
fenerf ^ A), 0, 1, % 3. 4, 5, 6, 7, 8, and 9. 
iSee col. 8 of fig. 2-8.) The 0 through 9 punch- 
ing positions correspond to the numbers printed 
on the standard stock card. The 12 and 11 
punching positions normally are not printed on 
the card, as this area is generally reserved for 
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Figure 2*8.— Hollerith code and standard card. 



printed headings or for interpreting punched 
information. 

Since one or more punches in a column rep- 
resent a character, the number of columns used 
depends on the amount of data to be punched. 
If a record requires morv than 80 columns to 
hold its data, two 01 more cards may be used. 
However, continuity between cards of one rec- 
ord must be established by punching identifying 
information in a particular column of each card. 

The top edge of the card is known as the 
"12" EDGE, and the bottom edge as the "9" 
EDGE. The manner in which cards are placed 
in machines is governed by their respective feed- 
ing requirements. Therefore, cards are fed either 
12 edge first or 9 edge first, and either FACE 
UP (which means the printed side of the card 
is facing up) or FACE DOWN, meaning the op- 
posite. Cards are read and punched by machines 
either row by row (digit by digit), or column by 
column. Figure 2-9 illustrates how cards pass 
the punching mechanism of card punches col- 
umn by column. First, column 1 is punched, 
followed by column 2, and so forth. Since only 
one column at a time is covered by the punching 
mechanism, which is capable of punching any of 
the 12 positions or combinations thereof, it is 



referred to as SERIAL punching. Figure 2-9B 
shows how cards fed either 12 or 9 edge first are 
actually fed on a row by row basis, resulting in 
all like digits required being punched at the same 
time. This is due to the fact that this type of 
punching mechanism (e.g., IBM 5 14 reproducing 
punch) is equipped with 80 punch dies or mag- 
nets, one for each card column. Thus, if fed 12 
edge first, all 12*s then IPs, and so on are 
punched as the card moves forward, or all 9*s, 
8*s, and so on through 1 2*s are punched if fed 9 
edge first. This is PARALLEL punching. 

Card Language 

Regardless of the method of punching cards 
they are always read from left to right by the 
operator. 

The standard card language, commonly re- 
fen'ed to as the Hollerith code, uses the 12 
punching positions of a vertical column to repre- 
sent numeric, alphabetic, or special character 
punching. These 12 positions are divided into 
two areas known as numeric and zone. The first 
nine punching positions from the bottom edge 
of the card are the NUMERIC or DIGIT posi- 
tions of 9 through 1. The remaining 0, 1 1, and 
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Fi^tire 2-9.-Ainchin8 the card. 



12 arc the ZONE positions. (The 0 is used inter- 
changeably to represent a zone punch or nu- 
meric punch.) 

NUMERIC.-Rows 0 through 9 are used to 
store the 10 decimal digits and are represented 
by a single punch in a particular column. For 
example, a single punch in the 0 zone position 
would represent an assigned numeric value of 
zero. 

ALPHABETIC. -To accommodate any of the 
26 letters in one column, a combination of a 
zone and digit punch is used. The alphabet is 
divided into three groups and each group is iden- 
tified with one of the three uppermost rows, or 
zones. The first nine letters of the alphabet, 
A through 1, use a 12 zone punch AND a nu- 
meric punch of 1 through 9, respectively. The 
12 punch indicates that the character in that 
column lies in the first group of nine letters of 
the alphabet. A punch in any of the 1 through 9 
rows of the same column specifies which letter 



of the nine is represented. (Thus, 12 and 1 rep- 
resent A, 12 and 2 represent B, etc.) The second 
group of nine letters, J through R, uses the 1 1 
zone punch and a numeric punch 1 through 9, 
respectively. (Thus, 1 1 and 1 represent J, 1 1 
and 2 represent K, etc.) Since only eight letters 
are left for the C zone, letters S through Z are 
represented by the 0 zone punch and a numeric 
punch 2 through 9, respectively. Examining 
figure 2-B, you wiU see that the 0-1 combination 
represents a special character. 

It should be noted that when the 0 punch is 
combined with a digit, it is designating the last 
group of the alphabet and is being used as a 
zone punch. 

SPECIAL CHARACTERS.-These characters 
provide printed symbols, may cause certahi ma^ 
chine operations to occur, and may identify vari- 
ous cards. Standard special characters consist of 
one, two, or three punches in a card column but 
differ from the configurations used to represent 
numeric or alphabetic characters. 
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The following list depicts one accepted com- 
bination of punches for special characters. (The 
^cial character sets may differ from system to 
system, but the numeric and alphabetic charac- 
ters remain the same.) 

12, 3, 8 = . (Period) 

12, 4, 8 = ) (Close parenthesis) 

U, 3, 8 » $ (Dollar sign) 

11, 4, 8 = ♦ (Asterisk) 
0, 3, 8 = , (Comma) 
0, 4, 8 = ( (Open parenthesis) 

3, 8 = = (Equality sign) 

4, 8 = @ (At sign) 

1 2 & (Ampersand) 
11 = - (Dash) 
0, 1 = / (Slash) 

CARD FIELDS. -Specific columns on the 
card, are grouped and reserved for facts relative 
to each transaction. These groups of columns 
are called FIELDS. For example, a card would 
have one field assigned for punching name, 
another for punching social security number, 
another for punching service abbreviation, and 
so on. The number of adjacent columns re- 
served for a field is dependent upon the MAXI- 
MUM number of characters, or numbers, of each 
item appealing on the source document that is 
to be punched. Thus, a field could consist of 
from 1 to 80 card columns. Without this group- 
ing of information into flelds, classifying, com- 
paring, and other machine processing functions 
would be severely hampered and, in most cases, 
impossible. (See fig. 2-10.) 

FIELD POSmONS.-From right to left, the 
positions in each field are known as the units 
position, tens position, hundreds position, and 
so on. The extreme right position of a field is 
called the LOW ORDER position, and tte ex- 
treme left position is the HIGH ORDER posi- 
tion. When punching numerical fields, the 
punching is from left to right, with the units 
position of the number punched in the low 
order position of the field. If the number to be 
punched is shorter than the columns allowed in 
the field, zeros may be added to the LEFT of 
the number to complete (ZERO FILL) the 
field. If the punching is done as described but 
without zero flU it is called RIGHT JUSTIFI- 
CATION. 



Punching of alphabetic fields starts in the 
high order position and continues until the last 
letter is punched. Unused columns of the field 
are left blank. 

Types of Cards 

Generally speaking, cards are categorized by 
their manner of preparation. They are as fol- 
lows: 

1. TRANSCRIPT cards are punched from 
data previously recorded on another document. 
As a general rule, they consist of detail and 
master cards keypunched from a source docu- 
ment, such as a Personnel Diary. 

2. DUAL cards are punched from data re- 
corded on the card itself. Thus, they serve the 
dual purpose of both source document and 
processing medium. 

3. OUTPUT cards are machine created as a 
result of processing and could include new de- 
tail cards, or updated files. These cards undergo 
additional processing or replace outdated cards 
in a file. 

4. SPECIAL cards are those that enable on- 
the-spot punching of data, such as the IBM port- 
a-punch card, which is a card punched from a 
portable device at a place remote from the data 
processing installation. 

Patterns of Card Design 

Variously designed cards reflect the wide 
variety of applications of punched card account- 
ing. Seldom do different installations use iden- 
tical card formats. 

Figure 2-1 1 depicts a standard multiple card 
layout form used in designing one or more cards. 
This is especially helpful in aligning information 
common to more than one card. 

The top card layout shown in figure 2-1 1 de- 
picts a DETAIL card. A detail card is one which 
eventually contains all the data pertinent for one 
record. It is the card that will be punched most 
frequently by the key punchers. It will also 
have fields filled by other than key punching 
such as: 

1. the results from calculations performed by 
other EAM gear 

2. gangpunched information from master 
cards in reproducer operations 
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Figure 2-10.-Card fields facilitate machine procewing. 
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Even though these fields are not keypunched, 
they must still be included in tlie card layout. 

The second card depicted in figure 2-11 is a 
MASTER card. A master card is a card which 
contains information common to all detail 
cards of one mqjor group such as Project Code. 
The common information (Project Code) may 



then be mechanically reproduced into all the 
detail cards for the same Prefect Code. This 
saves an enormous amount of keypunch time. 
Master cards can be identified by a control 
punch (or lack of one if the details have one) 
such as the "X" (11 punch) shown in col> 
umn 80. 
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DETERMINATION OF DATA.- Following 
are some of the factors considered when decid* 
ing what data should be recorded in the card, 
and where it should be placed to meet contem- 
plated procedures: 

1. Requirements for the final preparation of 
Hnishcd reports are of utmost importance. All 
information to be listed must be included in the 
card, unless it is to be calculated, emitted, or 
^mmarized. 

2. The sources of original information are 
examined for desired data. Sometimes, other 
data must be substituted, a different type of 
card used, or certain available data (though not 
presently needed) included in the card for future 
planning. 

3. Once data requirements have been de- 
cided, the principle of alignment is considered. 
Machine processing requires a consistent arrange- 
ment of data in cards. Common types of infor- 
mation, therefore, are placed in corresponding 
columns of all cards. For instance, if social secu- 
rity number is punched in columns 20-28 of all 
current personnel cards, then social security 
number is placed in the same columns of any 
new card. This facilitates control panel wiring 
and eases sorting and controlling operations 
when various cards are used together. 

4. Information is punched in the card in the 
sequence that it appears on the source docu- 
ment. Keypunching is speeded when card fields 
are aligned to permit punching in unison with 
the left to right or top to bottom reading of a 
document. 

5. Each field of a card is assigned a method 
of punching (keypunched, duplicated, gang- 
punched, or calculated) so that all like punching 
operations can be grouped together. This simpli- 
fied format, enables operators to take advantage 
of various machine characteristics, and eases 
other processing techniques. 



TYPES OF INFORMATION. -All items of 
information placed in the card can be classified 
by any of the following three types: 

I. REFERENCE information identifies the 
cviginal source document from which it was 



created, such as name, date, batch number, or 
activity processing code. The size of a reference 
field is determined by the largest single number 
item to be recorded. For example, names can 
usually be recorded in 20 columns or less. 

2. CLASSIFICATION information cross in- 
dexes, classifies, or identifies a particular item 
on the source document such as activity code, 
part, or stock number, and social security num- 
ber. Field size is readily established, as a set 
number of columns are always required. 

3. QUANTITATIVE information consists of 
totals punched in the card that are to be added, 
subtracted, multiplied, or divided, such as quan> 
tity on hand or unit price. A realistic assignment 
of columns for totals can be made only if the 
maximum size of expected totals is known. 
Total fields are set up to take care of all but the 
unusual cases, and these are handled by punch- 
ing extra cards for the overflow total. Assigning 
too many columns to a total field results in a 
waste of card columns, while a field that is too 
small requires punching of too many extra cards 
for overflow totals. 

Information Arrangement 

When determining the position of information 
on cards by the type of information, considera- 
tion is usually given to the following arrange- 
ment: reference information is placed to the 
left of the card; classification information in the 
center; quantitative information to the right of 
the card. 

To take further advantage of punched card 
accounting methods and equipment, other fac- 
tors affecting information arrangement are borne 
in mind, such as: 

1. grouping fields to be duplicated together 

2. keeping manually punched fields from 
being interspersed among duplicated, gang- 
punched, reproduced, or summary punched 
fields 

3. aligning fields to be skipped (not punched) 
in a uniform pattern on all card forms 

4. placing numerical fields together to speed 
keypunching and lessen operator fatigue 

5. locating fields to be visually checked near 
the right or left margin 
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6. restricting the size of fields to the number 
of columns absolutely essential for efficient han- 
dling of transactions 

7. placing control fields adjacent to one an- 
other to simplify wiring and sorting operations 

Priority Arrangement 

Though we have discussed various patterns of 
card design in a somewhat logical order of im- 
portance, conflicts sometimes arise due to vary- 
ing installation requirements. When this hap- 
pens, good judgment must be exercised to 
resolve matters on a priority basis. The four 
major considerations used to decide card data se- 
quence, in the order of their priority, are as 
follows: 

1. the location of information identical or 
common to all cards 

2. the sequence of data on source documents 
from which it will be punched 

3. the methods of punching and machines to 
be used during processing 

4. types of information and manual card 
operations 

Coding systems have been devised using let- 
ters, numbers, or both (although numeric codes 
predominate), to identify information appearing 
in a raw form on source documents. The proper 
application of these codes to the source docu- 
ment epses the subsequent punching and han- 
dling of card data during machine processing. 

An example of coding is to assign a two digit 
numeric code to replace state names (i.e., 01 for 
Alabama through 50 for Wyoming). This re- 
duces the amount of key punching and allows 
for faster machine manipulations; e.g., two col- 
umns are used vice four (for Ohio) to thirteen 
(for New Hampshire). 

MACHINE CONVERSION OF DATA 

Since the card introduces information to the 
machines, it may also be considered a conveyor 
of data. The holes are READ by the machines 
in a fashion similar to the weaving pattern of 
the Jacquard Loom; that is, electrical contact 
can only be made exactly where punched holes 
aie located, just as the needles of the Jacquard 



Loom pierced the holes of its card only at given 
spots. The passage of the cards between brushes 
and electric contact rollers at specific times in 
the cycle of a machine converts the punched 
holes into timed electrical impulses which are 
machine processable. 

Machine Processing of Data 

The reading and conversion of data into elec- 
trical impulses by a machine, together with a 
properly wired external control panel, enables 
the punched card data to be processed. The 
machine receives its instruction from the control 
panel, which affords processing flexibility and 
diversity in jobs. The type of machine used and 
the desired end results determine the type of 
processing the data undergoes. For instance, the 
control panel of an electric accounting machine 
could tell the machine what data is to be accu- 
mulated and when to print totals. (See fig. 
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Machine Output of Data 

The results of processing are also in the form 
of electrical impulses, and these too are con- 
verted into output form. Once again, dependent 
upon the type of machine used, the output form 
may be a machine function, holes punched into 
the same or other cards, printed lines of info^ 
mation, or any combination of these. It must be 
remembered, however, that output capabilities 
are limited, for most EAM equipment will 
accept but one file of cards as input and will 
produce only one result. There are a few 
exceptions, of course, such as a collator, which 
will accept two fUes of cards at the same time 
and manipulate these cards into one or several 
groups. 

BASIC UNIT RECORD EQUIPMENT 

Of all the types of data processing tasks 
performed by punched card accounting systems, 
three are basic: recording data, classifying or 



arranging data, and summarizing data. Commen- 
surate with these tasks are several types of basic 
unit record equipment. They are categorized as 
such because they are a MUST in all EAM 
systems to carry out the aforementioned basic 
tasks. Figures 2-13 through 2-19, depicting 
punched card equipment, illustrate Sperry Rand 
UNI VAC and IBM models that are comparable 
to one another in design, purpose, and function. 

Card Punches 

The basic method of RECORDING data or 
converting source data into punched cards (fig. 
2-13) is through keypunching, a method 
whereby the operator reads a coded source 
document and presses the keys of a keyboard to 
punch the data into cards. This is similar to 
typing and is done on a keypunch, often called a 
card punch. Since various other machines will 
act on information supplied by these punched 
cards, the transcription of data into the cards 
must be accurate. 
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The CARD VERIFIER (fig. 2-14) is used to 
check the accuracy of the original keypunching. 
While reading from the source document from 
which the data was initially punched, a second 
operator verifies the punched data by depressing 
the keys of a verifier. Each key pressed is 
automatically compared with the hole already 
punched in the card and any difference causes 
the machine to stop. 

Sorters 

The end of punched card accounting is 
usuaUy a printed report. Information in these 
reports is invariably grouped according to some 
definite sequence or arrangement of unit rec- 
ords. Since cards produced by card pundi 
operators are seldom in any particular order, this 
SEQUENCING or arranging of cards is per- 
formed on a card sorter (fig. 2-15). Although 
sorting cards to a particular sequence is the 
ni^or function of a card sorter, certain types of 
selection of individual cards that require special 
attention can also be automatically accom- 
plished. 

Accounting Machines 

The basic function of the accounting machine 
(fig. 2-16) is the conversion of punched card 



data into printed statements and reports. The 
ability to print and total or SUMMARIZE 
information by classifications of punched card 
data, is made possible by its comparing and 
selecting techniques and by its mathematical 
capability of adding and subtracting. Through 
the function of DETAIL PRINTING or LIST- 
ING, complete details of individual transactions 
can be shown. Of equal importance is the 
function of GROUP PRINTING, which permits 
the summarization, identification, and printing 
of totals for g=^oups of cards. 

because all equipment in an EAM card system 
processes cards for end-of-the-line processing in 
the accounting machine, the latter is considered 
the heart of a puiicheU card data processing 
system. The name tabulator, which is scmctimes 
shortened to tab, is synonymous with account- 
ing machine. 



AUXIUARY UNIT RECORD EQUIPMENT 

In addition to the three basic types of 
machines used in an EAM system, machines in 
other categories have been developed to perform 
data processing needs of an auxiliary nature. 
These machines speed processing functions and 
lessen human effort but are NOT always essen- 
tial for a system's output. 
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Interpreteis 



The interpreter (fig. 2-17) translates the 
punched holes into printed information on the 
face of the card, thereby increasing the use of 
the card as a documentary recording medium. 
Normally, interpretation appears at the top of 
the card, but some interpreters can print infor- 
mation on any of 25 designated lines. Although 
skilled operators can translate punched informa- 
tion into correct digits and characters, inter- 
pretation is required when visual reference must 
be made to punched card data files. 



Reproducefs 

When information is recorded in the form of 
holes in a card, all or part of the information is 
sometimes desired in another set of like cards 



(fig. 2-18). In preference to manually rekeying 
information into new cards on the keypunch, 
maximum efficiency can be achieved in the 
copying of one unit record to another card 
through the use of the reproducer or document 
originating machine. This process of punching 
any or all of the information from one set of 
cards into another is known as REPRODUCING. 
Another primary function of automatic repro- 
ducers is GANGPUNCHING (fig. 2-18), the 
operation of punching information from a single 
master card into detail cards. 



Collators 

Development cf the basic unit record equip- 
ment for EAM systems (fig. 2-19) was brought 
about by the pressing need for speed and 
accuracy. However, jobs performed by these 
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Figure 2-16.-End of tiw lina procBiting. 
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Figure Z'lT.-Trentieting punohec* holes into printetf tnfomMtkm. 
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Figura 2-18L— Automatic npioducino Md oangpunchins. 



machines are sometimes overlapped by those 
that Others can do» adding the advantages of 
versatility and convenience of interspersed oper- 
ations to auxiliary equipment. Sometimes data 
required for printing operations on the account- 
ing machine must be obtained from two or more 
canl files. This MERGING, or combinmg two 
sets of punched cards into one of a given 
sequence to satisfy the needs of the tabulator, 
could be performed on the sorter but, for 
quicker and more accurate results, the collator is 
generally used. Peak workloads and periods of 
machine breakdown will also affect this over- 
lapping of jobs between the basic and auxiliary 
machines. Additional collator functions include 
MATCHING, which is checking the agreement 
between two sets of cards; SEQUENCE CHECK- 
ING cards of an ascending or descending se- 



quence and various types of CARD SE- 
LECTION. 

BASIC PRINCIPLE 

The basic principle of punched card account- 
uig is that information, once recorded hi 
punched cards, may be used time and time 
again. Data is pundied and veriHed and may 
then be classified (sorted) and summarized to 
produce desired' results through machine proc- 
essing. (See fig. 2-20). 

BiskElementg 

RECORDING.-Transactions of an installa- 
tion hivolve essential information vital to man- 
agement. In processing data, smgle transactions 
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Figure 2-20.-Princi|)l« of punched card accounting. 
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must appear in numerous records. Under the 
manual methods of accounting, each time infor- 
mation is used, it must be copied and checked. 
Machine accounting affords mechanical and 
automatic means of recording transactions 
which enable them to be read and transcribed by 
other machines. Recording is done by keypunch- 
ing each transaction into a single card, offering 
the advantage of producing permanent records 
for automatic processing. This recording corre- 
sponds to a single entry made manually under 
other methods of accounting. 

To ensure consistency of common data, such 
information is often DUPLICATED. This card 
punch function allows the operator to punch a 
field of common information once in the first 
card of a group; henceforth, the card punch will 
automatically punch it into the remaining cards 
of the group if proper control is utilized. 

CLASSIFYING.-One transaction sometimes 
affects more than one account, or many transac- 
tions will affect but one account. Grouping 
these like items of information, or transactions, 
as a preliminary step toward report preparation, 
is a slow and tedious task when done manually. 

Under the punched card accounting system, 
the machine solution to this problem of classify- 
ing or arranging transactions is the high-speed 
sorting machine. This machine groups cards in 
numeric or alphabetic sequence according to any 



classification punched in them. Thus, a fast 
automatic method is provided to classify and 
reclassify transactions for file or account proc- 
essing and to facilitate their use in various 
reports-reports that use the same cards, but 
each requiring a different sequence or grouping 
of transactions. 

SUMMARIZING.-The final step in any ac- 
counting procedure is the summarization of 
information to produce final reports and re- 
quired records. Summarization includes not only 
accumulating totals of grouped transactions, but 
also the printing of these totals with identifica- 
tion data such as names and codes necessary for 
their proper interpretation. As transactions oc- 
cur and are posted to accounts during a given 
period, totals are eventually taken and manually 
recorded on printed forms and documents. 

Automatic detail listing and group printing 
accounting machines replace the above manual 
methods. These machines electrically sense 
group changes within series of cards and, as a 
esult, subtotals within a report, and numerical 
or alphabetical descriptions of the totals, can be 
printed automatically. Also, many combinations 
of totals can be printed, involving adding, 
subtracting, and crossfooting operations, with 
totals of a given group subdivided and dis- 
tributed horizontally across the report form. 
Vertical columnar totals are also possible. Cards 
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Figure 2-21.-TIM dtment of recording. 



may be re-sorted to various group arrangements 
and resummarized by machine until all necessary 
totals have been taken. Because machine func- 
tions are flexible, many types of accounting and 
analytical reports can be produced. Figures 2-21 
through 2-23 illustrate the above three basic 
elements of punched card accounting. 

PRINQPLE OF MACHINE PROCESSING 

Most punched card equipment can accomplish 
more than a single function, but this equipment 
must know what function to perform and how 
to handle information it receives. The machines 
are capable only of following your instructions. 
They can make decisions only after you have 
predetermined the decisions to be made for each 
ghren set of conditions. Many of the instructions 
and most of the information depend upon the 
holes punched in the card and the wired control 
panel. The principles will be explained in 
chapter 5 of this manual. 

ELECTRONIC DATA PROCESSING 

The trend in recent years has been toward the 
use of electronic data processing equipment, 
especially in those areas where huge volumes of 
data must be processed as rapidly as possible. 
The equipment enables an organization to ex- 
pedite its data handling processes in the most 
economical manner, and yet provides for speed, 
accuracy, and flexibility in the production of 
results. 
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Figura 2>23.~'ni« tiamant of wmmarizing. 

When we speak of electronic data processing, 
we are thinking in terms of the computer and its 
many components as related to INPUT, PROC- 
ESSING, and OUTPUT functions. There are 
many different types of computers and com- 
puter devices with various data handling capabil- 
ities. They are classified generally as computers, 
electronic data processing machines (EDPM), 
electronic data processing systems (EDPS), and 
data processing systems (DPS). Regardless of 
what they are called, bear in mind that they 
have these characteristics: they process data 
automatically and at electronic speeds, (fig. 
2-24). . 

DATA PROCESSING BY EDP 

In certain respects, electronic data processing 
is similar to the unit record system in that 
punched cards may be used as input, and printed 



reports or punched cards may be produced as 
output. The unique difference lies in the manner 
of processing the data and the electronic equip- 
ment used in its processing applications. Whereas 
the unit record system requires the physical 
movement of cards from one machine to an- 
other, the electronic system permits many proc- 
essing functions to be performed in one oper- 
ation. (See fig. 2-2S). This is made possible 
throu^ the use of several interconnected de- 
vices which, working together, can receive, 
process* and produce data in one operation with 
minimal human intervention. These devices con- 
stitute an electronic data processing system. 

The operations of preparing source docu- 
ments, punching cards from source documents, 
and (for a punched card EDPS) presorting 
punched cards are accomplished by the same 
methods used in the unit record system. How- 
ever, systems using magnetic tape for input 
generally have punched card data transcribed 
onto the tape, and it in turn is sorted into a 
sequence acceptable for processing by the com- 
puter. Once information has been entered into 
the system, all classification, identification, logi- 
cal and arithmetic operations are performed 
automatically in one or several processing rou- 
tines. This is accomplished by a set of written 
instructions called a PRCXrRAM which, when 
recorded onto punched cards or magnetic tape 
and fed into the system, controls operations 
automatically from start to finish. 

Information used as input to an electronic 
data processmg system may be recorded on 
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Figurt 2-25.-A timpto ■ralogy of EAM «• EDP pmnlna applleMiora. 
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punched cards, paper tape, magnetic tape, mag- 
netic disk, magnetic drum, magnetic data cell, 
magnetic ink or optically read documents, de- 
pending upon the system requirements. Simi- 
larly, output may be in the same forms with the 
addition of printed reports, again depending 
upon the system (fig. 2-26). 

The Electronic Brain 

The computer has earned for itself the reputa- 
tion of an electronic brain, but this is a gross 
misrepresentation and exaggeration. Computers 
can accept data at the rate of thousands of digits 
per thousandth of a second (millisecond), per- 
form arithmetic computations in millionths of a 
second (microsecond), and print results at thou- 
sands of characters per second. But in spite of its 
remarkable achievements, the computer can 
only do what it is told by human beings. We 
might say that the computer is comparable to 
the human brain to the extent that it has the 
ability to accept, retain, make calculations on 
and send out data given it. UnUke the human 
brain, it is incapable of creative thought. It is a 
complicated mechanism made up of basic ele- 
ments that imitate certain functions of the 
human brain. It surpasses the human brain in 
speed and reliability, and it is notable among 
machines for both speed and flexibility. 

What is a Computer? 
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Simple in its makeup, the computer consists 
of an input section which introduces data into 
the system. Once interpreted, the information is 
sent to a control section where it is further 
directed according to programmed instructions. 
As specified, the data is sent to storage or 
memory, a high-speed device able to read in and 
read out data in a few millionths of a second. 
Data in storage can be used over and over, or can 
be used only once and replaced. If the computer 
is so instructed, the data can be directed to the 
processor or arithmetic section. It is here that 
the computer really computes; adding, subtract- 
ing, and comparing numbers. The organized 
results are transferable to an output section for 
the creation of reports, or to produce new media 
for further processing needs. 
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Figure 2-26.-ENamplM of EOP input imdia. 
What Makes It Work? 

The calculating mechanism of the computer 
has electronic circuit devices (fig. 2-27) which 
allow speeds of response in a billionth of a 
second (nanosecond). When data is written in a 
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Figure 2-27.-Some of the Mient'Mit In mtWng • computw work. 
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code acceptable to the computer and fed into it, 
electric impulses flow through the solid-state 
electronic circuitry in a pattern which causes the 
transistors to switch the signals, count certain 
impulses flowing through, or direct their flow 
according to programmed commands. Other 
factors which add to and form the basis for fast 
manipulation are: (1) memory units made up of 
magnetic cores, which are tiny rings consisting 
predominantly of ferrite, a magnetic material 
that is easily magnetized and remains so indefl- 
nitely after the magnetizing force has been 
removed; (2) magnetic storage devices such as 
tapes, disks, and drums, upon which data is 
encoded by means of magnetic spots; ard (3) 
the binary mode of representing data, a two- 
vaiae system which can represent alphabetic or 
numeric iiiformation by combining ones and 
zeros in various ways. 

How Does It Work? 

To answer this question, suppose we compare 
the simple adding machine to its larger counter- 
part-the electronic computer (figs. 2-28 
through 2-34). 

INPUT.-We use the term INPUT to describe 
the act of introducing data into a system. Since 
the keyboard is used to feed data into the 
adding machine, we can call it an INPUT 
DEVICE (fig. 2-29). The SOURCE MEDIA, or 
documents from which information is obtained, 
could be an invoice, pay record, or supply 
requisition. Unlike the adding machine, wherein 
data is introduced directly through the keyboard 
from the source media, a computer system 
necessitates the conversion of data onto a type 
of medium that will lend itself to automatic 
processing prior to its being read into the 
system. Therefore, INPUT DATA is data that 
has been recorded from a source medium onto a 
type of INPUT MEDIUM acceptable to a sys- 
tem. Computer input devices read from their 
prescribed media, and translate that data into 
electronic impulses for transmittal into the 
computer. Input devices, among others, could 
consist of high-speed card readers, paper tape 
readers or magnetic tape units. 

PROCESSING.-Racks, gears, counting 
wheels, and so forth are used by the adding 



machine to compute the data fed into it. The 
CENTRAL PROCESSING UNIT (fig. 2-30) is 
the computing center of the electronic data 
processing system. The system is made up of 
two functional units in addition to the CPU, 
which are INPUT, and OUTPUT. The CPU 
consists of CONTROL, ARITHMETIC/LOGIC 
and MEMORY units. 

The CONTROL UNIT (fig. 2-31) auto- 
matically directs the step-by-step operation of 
the entire system, including the operation of 
input and output devices as well as the selection, 
interpretation, and execution of instructions 
from memory. Areas of the adding machine 
keyboard that contain buttons (plus, minus, 
total, and others) used by its operator to 
exercise control over the machine, might be 
likened to the control panel of the computer 
CONSOLE. The console itself provides external 
control over the entire system, for throut^ it, 
the operator can monitor the central processor 
(fig. 2-32) and maintain manual control over all 
operations. Remember, the computer does not 
rely on the operator to feed it data and uiitiate 
its every command; the control panel and 
electric typewriter (provided by some systems) 
of the console sunply permit human beings to 
communicate with the various units that make 
up a total computer system. 

Looking closely at the adding machine mech- 
anism, you will find a set of rachets used to turn 
the counting wheels and cause the arithmetic 
functions to be performed. Likewise, the 
ARITHMETIC UNIT of the computer (fig. 2-33) 
performs arithmetic operations of adding, sub> 
tracting, multiplying, and dhriding. Through its 
logical ability, it can also test various conditions 
encountered during processing and take action 
called for by the results. 

Because the counting wheels store the results 
of arithmetic operations until changed or to- 
taled, they might be thought of as the memory 
unit of the addmg machine. However, the 
MEMORY UNIT of a data processing system 
differs in that it can be used to stoi« data and/or 
programmed instructions for an indefinite pe- 
riod of time. 

OUTPUT.-We define OUTPUT as data that 
has been processed or the act of extracting such 
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Figurt 2-28.-Th« adding machine and tha computar. 



data from the central proceSsor. Results of the 
adding machine's calculations are printed by its 
OUTPUT DEVICE, a printer (fig. 2-34), onto a 
listed tape or inserted document. The basic 
function of a computer output device is to 
receive, convert and record output data onto its 
particular medium. The most commonly used 
output devices are card punches, magnetic tape 
units, paper tape punches, and printers: their 



output media being punched cards, coded nuit> 
netic spots on magnetic tape, punched paper 
tape, and printed reports. 



What Are Its Tools? 

Components or tools of a computer system 
are categorized as either hardware or software. 
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Figure 2-29.-EDP input units. 



R49JZ06X 




Figure 2-30.-C«itral prootssing unit ami oensoto. 
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48 



ERIC 



Chapter 2-AUTOMATlC DATA PROCESSING 



Haidwaxe includes all the mechanical, electrical, 
electronic, and magnetic devices within a com- 
puter system. Software consists of the automatic 
programming techniques developed for the most 
efficient use of the hardware and isusually 
supplied by the manufacturer of particular 
systems. 

HARDWARE.-Compuiwr hardware falls into 
two categories, peripheral equipment and the 
central processor. PERIPHERAL EQUIPMENT 
includes all input and output devices associated 
with specific recording media such as, a card 
reader and punch, or magnetic tape units. This 
peripheral equipment can operate CIN-LINE, 
under direct control of the central processor (see 
fig. 2-35) or OFF-LINE, independently of the 
central processor. (See fig. 2-36.) 

During online operations, data can be trans- 
ferred to and from peripheral devices and the 
central processor via CONTROL UNITS. These 
units may be free-standing, or built into either 
the central processor or the peripheral device, 
and receive their signals or instructions from the 
stored program. 

In off-line or AUXILIARY operations, the 
input and output devices are used in conjunction 
with other peripheral devices not directly con- 
nected to the system. Since input and output 
data conversion operations are relatively slow 
compared to the speed of the central processing 
unit, off-line operations free the computer of 
time-consuming procedures and provide more 
time for the computing and processing of data 
by the central processor. For example, £> sys- 
tem's output data could be written on magnetic 
tape and converted to some other record form in 
an off-line operation while the computer con- 
tinues processing new data. 

SOFTWARE.-This is the totality of programs 
and routines used to extend the capabilities of 
automatic data processing equipment such as 
operating systems, compiler^ assembler routines 
and subroutines. In general if it isn't hardware, it 
is software. 

CARD ORIENTED SYSTEM 

A system whereby information is fed into its 
input unit only by means of cards, and with its 



output also in the form of cards and/or printed 
reports, is commonly referred to as a CARD 
SYSTEM. These systems are usually relatively 
small, especially in their memory capacity and 
other storage facilities. Input data must be 
prearranged before being fed into the system but 
can remain in its memory unit until the pro- 
grammed instructions call for its release, or 
replace it with new information. (See fig. 2-36.) 

TAPE ORIENTED SYSmi 

Systems whose source of input data is from 
almost any medium, but essentially from per- 
forated paper or magnetic tape, are referred to 
as TAPE SYSTEMS. Because these systems are 
large and complex, they demand more proc- 
essing ability, and therefore require faster input 
media than the much slower punched card 
input. In addition to larger memoiy capacities 
and other storage facilities, input and output 
devices may vary as to the type of media used 
and consist of several or many in number. 

ELECTRIC ACCOUNTING VERSUS 
ELECTRONIC DATA PROCESSING 

Electronic data processing systems should not 
be thought of as replacements for electric 
accounting machine systems. The EDP systems 
are capable of performing functions which EAM 
systems cannot perform. While it is true, how- 
ever, that EDP systems can carry out the 
accounting operations of an EAM system, these 
operations are still most economically carried 
out in many places by electric accounting 
machines. Furthermore, electric accounting 
machines are used in support of automatic 
computer systems-they are the peripheral 
equipment off-line to the central processing unit 
of an automatic computer system. 

If we compare an electric accounting machine 
system with the central processing unit of a 
computer as they execute the same accounting 
function, we shall see that the chief difference 
between the EAM system and the central imtoc- 
essing unit is in the speed at which this function 
is carried out. The central processing unit 
completes the job in much less time. 

It is easy to see why the (antral processing 
unit is more efficient than the electric account- 
ing machine system. First, the amount of data 
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that can be held iii the storage component and 
in the registers of the central processing unit far 
exceeds the storage capacity of the electric 
accounting machine system, so that data trans- 



fers and arithmetic and logic operations are 
carried out faster by the central processing unit. 
Second, no intervention is required during the 
operation of the central processing unit, while 
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stacks of cards must be shifted between the 
various accounting machines to complete the 
FAM operation. Third, when magnetic tapes 
constitute the input and output media of the 
EDP system, faster input to, and output from, 
the central processing unit are possible. 



SCOPE OF DATA PROCESSING 

Data processmg performed by Data Processing 
Technicians has greatly expanded and become 
extremely diversified since the establishment of 
the Machine Accountant rating in 1948. Models 
and types of data processing equipment em- 
ployed by the Navy today, vary in size, di- 
mension, and performance. 

You may at present be serving a tour of duty 
in an installation using some of the afore- 
mentioned machines and devices. Subsequent 
orders may place you in a naval activity where a 



knowledge of EAM equipment is all that will be 
required, such as a naval training center or naval 
station electric accounting machine unit 
(EAMU), or filling a billet in a stock control 
system aboard ship. You might find yourself in a 
shipboard maintenance and material manage- 
ment system (3M system) operating the Univac 
ISOO data processing system or filling any 
number of billets within a fleet PAMI, a statisti- 
cal or guided missile unit, or in supply, security, 
communications, or personnel research activity. 
In any of these you may, with a reasonable 
amount of on-the-job training, be expected to 
operate and program some of the more complex 
computer systems of today. 

Once you learn and understand the funda- 
mental concepts and principles of automatic 
data processing as presented here and in the 
detailed chapters to follow, you will recognize 
the similarities of the data processing systems of 
various manufacturers. 
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CARD PUNCHES AND VERIHERS 



There is a good possibility that one of your 
early assignments as a Data Processor in the Navy 
will be that of a card punch or card verifier 
operator. This is definitely one of the most 
important jobs in data processing. 

The punched card is the most widely used 
method of data entry into a data processing 
system. This is true whether an installation is 
made up of EAM or EDP equipment. 

Being assigned as a keypuncher or verifier 
brings with it the responsibility of ensuring 
correct data recording. This requires that you 
become more than just familiar with source 
documents and coding for numerous jobs. In a 
sense you will become a Storekeeper, Disbursing 
Clerk, Personnehnan or whatever other rating 
your installation's main function pertains to. 

Your knowledge of the card punches and 
verifiers is the first step ui developing into a first 
rate Data Processing Technician. 



IBM CARD PUNCHES. TYPES 24 AND 26 

Two of the commoh card punch machines in 
use are the IBM types 24 and 26. These 
machines are essentially alike in design, features, 
and operation. The major difference is that the 
type 26 has a printing mechanism that allows for 
printing data on the card at the same time the 
card is being punched. Foldout 3-1 (at the end 
of this chapter) pictures the IBM type 26 
printing card punch, with the operating features 
indicated. 

Duplication under program control occurs at 
the rate of 20 columns p^r second on the type 
24, and 18 columns per second on the type 26. 
Without program control, duplication proceeds 
at the rate of 9 or 10 columns per second and 
occurs only as long as the duplicate key is held 
down. 



EXTERNAL FEATURES 

Refer to foldout sheet 3-1 at the end of this 
chapter. 

Card Hopper 

The card hopper, with a capacity of approx- 
imately SOO cards, is on the right side of the 
machine. Cards are placed in the hopper face 
forward, with the 9 edge down. A sliding 
pressure plate ensures uniform feeding. 

Card Bed 

The card bed is that area of the machine 
which serves as the path of transportation. It 
starts where the card leaves the hopper and ends 
where the card enters the stacker. 

Punching Station 

Punching is performed at the first station 
along the card bed. At the banning of an 
operation, two cards are normally fed into the 
card bed. While the first card is being punched, 
the second waits at the right of the punching 
station. When column 80 of the first card passes 
the punching station, that card moves on to the 
reading station, and the second card is posi- 
tioned for punching. The punching station con- 
sists of 1 2 punching dies (figure 3-1 ) reacting to 
the depression of a character key on the 
keyboard. 

Reading Station 

The reading station is located to the left side 
of the punching station. A card enters this 
station at the same time a new card enters the 
punching station, and the two cards remain 
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PUNCHING 




49.241.1 

Figure 3-1.-IBM 24/26 punching dies. 

synchronized throughout. Thus, when a card at 
the reading station is at column 60, the card at 
the punching station is at column 60. Data in 
the card at the reading station may be dupli- 
cated into the card at the punching station, 
either by depression of the duplicating key, or 
by program control setup. 

Card Stacker 

As cards move from the reading station, they 
are stacked in the card stacker with the 12 edge 
down, and the backs of the cards facing the 
operator. Cards remain in their original sequence 
when removed from the stacker. 

Main Une Switch 

The main switch is located at the rear of the 
stacker. There is a delay of approximately 
one-half minute after the switch is turned on 
before punching can be started, in order to allow 
the electronic tubes time to warm up. When the 
stacker becomes full, this switch is automatically 
turned off by pressure of the stacking cards 
against it. 

Backspace Key 

The backspace key is located below the card 
bed, between the reading and punching stations. 



As long as it is held down, cards at both stations 
are automatically backspaced until column 1 is 
reached. Backspacing should not be attempted 
after column 78 is passed without first removing 
the card from the right side (ready position) of 
the card bed. 

Column Indicator 

The column indicator is located at the base of 
the program drum holder. The indicator consists 
of a pointer which always indicates the next 
column to be punched or read at the punch and 
read stations. The column numbers are written 
around the base of the drum, which turns 
synchronously with the cards being read and 
punched. You will find the indicator especially 
useful for locating a specific column when 
spacing or backspacing. 

Pressure Roll Release Lever 

Cards may be removed manually from either 
the punching or the reading station by de- 
pressing the pressure roll release lever. Care 
should be exercised in removing a card from 
either station to prevent tearing the card. If you 
should tear a card, use another card or a smooth 
edged metal blade to push out the pieces while 
holding down on the pressure roll release lever. 
Saw edged metal blades should not be used for 
removing pieces of cards. 

KEYBOARDS 

Foldout 3-1 D illustrates two kinds of key- 
boards which may be used with card punch 
machines. The numerical keyboard contains 
keys for punching numerical characters and two 
special characters. The combination keyboard 
contains keys for punching numerical, alpha- 
betic, and either three or eleven special charao* 
ters. Keyboards are interlocked so that no two 
character keys can be depressed simultaneously. 
The home keys are more concave than the other 
keys to facilitate accurate touch operation. 

Depression of a standard typewriter key will 
print a letter on a piece of paper. Depressing a 
key on a card punch will result in a hole or 
combination of holes being automatically 
punched into a card, as shown in figure 3-2. 
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49^41^ 

Figuvt 3^.-Scfimwtic off dm punchina lh« IttlH- A. 

Since the combination keyboard is the one 
you will most likely use, let us examine this 
keyboard, as illustrated in foldout 3-1 D, and see 
what it contains. Notice that the letter keys are 
arranged to facilitate use of the typewriter touch 
system. However, because card punching oper- 
ations primarily involve numerical information, 
the digit keys (unlike the typewriter) are closely 
grouped for a one-hand, ten-key operation. This 
arrangement affords a right-hand, three-finger 
touch system, freeing the left hand for docu- 
ment lumdiing. Each key is numbered for 
illustration purposes only; these numbers do not 
appear on the keyboard. 

Functional Keys 

Keys 30 'through 39, and key 44 are the 
functional keys. They are used to control the 
functions of the machine. All the keys will not 
be covered at this point. They will be presented 
in a logical sequence in this cli^pter. 

35. FEED (card feed) causes one card to feed 
from the hopper, registers a second at the 
punching station, registers a third at the reading 
station, and stacks a fourth card. 

37. REG (card register) is used primarily 
when inserting cards into the card bed manually. 



Depression of this key registers the cards at the 
punching and reading stations, and stacks 
another card from the left of the card bed, but 
does not cause card feeding. 

34. REL (release) causes the cards at the 
punching and reading stations to be moved 
completely past those stations. If the automatic 
feed switch in ON, a card will also feed from the 
hopper. 

Depressing the REL key followed by a de- 
pression of the REG key in sequence two or 
more times will clear the card bed at the end of 
the operation. 

Space Bar 

The space bar can be depressed at any time to 
cause spacing over unused columns except when 
automatically skipping or duplicating. If the 
machine is not equipped with a multiple punch 
key, this bar can be held down to permit 
multiple punching in one column. 

Function Control Switches 

Referring to foldout 3-1 E, you will notice 
three switches located on the keyboard. Two of 
these will be discussed at this time. The two 
switches control machine operations as follows: 

With the AirrOMATIC FEED SWITCH 
turned on, whenever column 80 of the card 
passes the punching station, either by punching, 
skipping, or releasing, a new card is fed 
automatically. At the same time, the card at the 
left of the card bed is stacked, the card at the 
center is registered at the reading station, and 
the card at the right is registered at the punching 
station. 

When the PRINT SWITCH on the type 26 
card punch is turned on, printing occurs across 
the card directly above the columns being 
punched. When it is turned off, all printing is 
suppressed. 

KEYPUNCH SETUP 

You now have enough information to set up a 
24 or 26 keypunch for operation. The sequence 
of steps for setup is as follows: 
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1. Turn OFF all keyboard function control 
switches. 

2. Insure that the program control lever (see 
foldout 3-1 A) is OFF (right side of lever down). 

3. Turn ON main line switch. 

4. Depress (once) the REL key. 

When the machine has warmed up, it will then 
automatically position the column indicator for 
position one. You will hear the program drum 
spin and a faint click when it is ready for 
operation. 

5. Insert blank cards in the card hopper, 
insuring that the pressure plate is against the 
cards. 

6. Depress the FEED key for the first card to 
enter the card bed. Depress the key again. This 
will cause the first card to REGISTER at the 
punch station and the second card to position at 
the READY on the card bed. 

7. Turn ON the function control switch 
labeled AUTO FEED. If this switch is turned on 
prior to turning on the main line switch, it may 
cause misfeeding of cards or jamming at the 
punch station. 

8. If printing is desired, the PRINT switch 
may also be turned ON. 

By following the eight steps just explained 
you have readied the keypunch for practice 
q[>erations. It is recommended, however, that 
you continue reading this text and gain as much 
knowledge about the keypunches as possible 
prior to utilizing the machines. 

After step 8 has been completed, the key- 
punch will be locked in ALPHABETIC SHIFT. 

Alphabetic characters and certain special 
characters can be punched when the combina- 
tion keyboard is in alphabetic shift, and num- 
bers and other special characters can be punched 
when the keyboard is in numerical shift. For 
instance, depression of the dual purpose 7M key 
(key #27) will punch a 7 in numeric shift or an 
M when in alphabetic shift. This action is 
comparable to upper or lower case shifting on a 
standard typewriter. Shifting from alphabetic to 
numerical punching, and vice versa, is controUed 
either by depressing the appropriate shift key, or 
by program control. When program control is 
used, the keyboard is under control of a 



program card and will be in numerical shift 
unless otherwise programmed. When program 
control is not used, the keyboard is in alphabetic 
shift. 



FUNCTIONAL KEYS 

30. NUM (numerical shift) puts the combina- 
tion keyboard in numerical shift for as long as it 
is held down. It is normally depressed to allow 
punching of numbers in an otherwise alphabetic 
field. 

44. MULT PCH (multiple punch) is held 
down to prevent normal spacing, so that more 
than one digit can be punched in any one 
particular column. The keyboard is in numerical 
shift when this key is depressed. This key allows 
the keypundier to produce the correct combinar 
tion of punches for a special character that is 
not standard on the keyboard. 

45. CORR (card correction) is installed only 
on those machines having the card correction 
feature. Upon detecting an error, depression of 
this key moves the error card to the read station' 
and duplicates the information (up to the error 
column) into a new card at the punch station. 

PUNCHING KEYS 

Keys numbered from 1 through 18 can be 
depressed only when the keyboard is in alphur 
betic shift, to punch the alphabetic characters 
indicated. If one of these keys is depressed while 
the keyboard is in numerical shift, the machine 
locks. Operation can be resumed by releasing the 
card, or by depressing the back space key or the 
alphabetic shift key. The letter will punch if the 
alphabetic shift key is depressed. 

Combination keys 19 through 29 can be 
depressed when the keyboard is in either alpha* 
betic or numerical shift. When the keyboard is in 
alphabetic shift, the characters printed at the 
bottom of the keys will be punched. When in 
numerical shift, the characters printed at the top 
of the keys will be punched. The numbers 8 and 
9, located on keys 28 and 29, will be punched 
with the keyboard in either alphabetic or numer- 
ical shift. 
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Keys 40 through 43 are additional special 
character keys. When the keyboard is in alpha- 
betic shifty the characters at the bottom of the 
keys will be punched. When in numerical shift, 
the characters at the top of the keys will be 
punched. 

PROGRAM CONTROL 

The card punch program unit controls auto- 
matic skipping over columns not to be punched, 
automatic duplicating of repetitive information 
and the shifting from numerical to alphabetic 
punching mode and vice versa. Each of these 
operations is controlled by a specific code 
punched in a program card. The program card is 
fastened around a program drum (see foldout 
3-1 B). When the drum is inserted in the 
machine, the codes punched in the program card 
are read by a set of star wheels in the sensing 
mechanism. The drum revolves in step with the 
movement of the cards past the reading and 
punching stations so that the program codes can 
control the operations being performed, column 
for column. These program codes also control 
printing functions of the keypunch. 

Program Card 

A program card, which is a basic part of the 
program unit, is prepared for each punching 
application and can be used repeatedly. Proper 
punching in this program card controls the 
automatic operations for the conesponding col- 
umns of the cards being punched. 

The control punching required in the program 
card depends on the functions to be controlled, 
that is, skipping, duplicating, and alphabetic 
punching. Each row in the program card serves a 
specific purpose in this respect. 

Program Drum 

The program card is mounted on a program 
drum for placement in the machine. (See fold- 
out 3-1 B). Note that the program drum has a 
clamping siHp which holds the card, and a 
handle on top to tighten or release the strip. The 
following steps describe the procedure for 
placing a program card around the program 
drum. 



1. Turn the handle on the program drum 
counter-clockwise as far as it will go. This 
loosens the smooth edge of the clamping strip. 

2. Place the column 80 edge of the card 
under the smooth edge of the clamping strip. 
Two alignment check holes in the strip make it 
possible to see that the card is flush with the 
metal edge under the strip. The card should be 
positioned so that the 9 edge is against the rim 
of the drum. 

3. Turn the handle to the center position. 
Tliis tightens the smooth edge of the clamping 
strip and loosens the toothed edge. 

4. Wrap the card tightly around the drum and 
insert the column 1 edge under the toothed edtge 
of the clamping strip. 

5. Turn the handle clockwise as far as it will 
go. This fastens the toothed edge of the 
clamping strip. The drum is now ready to be 
inserted in the macliine. 



Program Control Lever 

Operation of the program unit is controlled 
by the PROGRAM CONTROL LEVER, which 
raises and lowers the sensing mechanism. (See 
foldout 3-1 A). When this lever is turned ON (left 
side of lever down), the program sensing mech- 
anism is lowered so that the star wheels of the 
mechanism rest on the program card placed 
around the drum. ^ 

The drum has 1 2 grooves in the same position 
as the punching positions of the card. The star 
wheels, upon detecting holes in the program 
card, fall through and dose contact points that 
direct the card punch to perform specific ope^ 
ations. These operations are then continued for 
the required number of columns as per program 
card codes. 

The star wheels should never be lowered 
(program control ON) when the drum does not 
hold a card. This would result in the star whMis 
reacting as though they had detected holes in 
several rows simultaneously, and would damage 
the card punch by giving it contradictoiy 
instructions. 

Also, to prevent damaging the star wheels, the 
program control lever must be turned OFF 
(right side of lever down— star wheels raised) 
when inserting or removing the drum. 
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Remember, the card punch is in alphabetic 
shift when program control is off. Contrariwise, 
with program control ON, the card punch is in 
numerical shift IF a card is on the program 
drum. Use of the two shift keys is necessary to 
punch letters or numbers out of shift, if not 
programmed to do so. 

When inserting the program drum in the 
machine, (program control OFF) place the drum 
on its spindle under the center cover of tlie 
machine, positioning it so that the aligning pin 
' falls in the aligning hole in the column indicator 
dial. Turn the program control lever ON and 
depress the release key to engage the sensing 
mechanism fully. 



PROGRAM CARD CODES 

Refer to foldout 3-2 for examples of the 
following codes. Each row of punches in the 
program card controls a specific function as 
follows: 

BLANK (Numeric Shift) A blank column at 
the beginning of a field in a punched program 
card identifies it as one to be manually punched 
with numeric information. With a completely 
blank card on the program drum, the card punch 
remains in numerical shift. 

12. (Field Definition.) A 12-punch is placed 
in every column, EXCEPT the high order posi- 
tion, of every field to be skipped, duplicated, or 
manually punched. These 1 2-punches DEFINE 
the length of the field or operations and serve to 
CONTINUE any skip or duplication, started 
within a field, to the end of that field. Con- 
secutive fields that are to be treated the same 
way should be programmed as a single field. A 
field consisting of a single column should not be 
programmed with a 1 2-code. 

11. (Automatic Skip.) An 1 1 -punch is placed 
in the high order position of any field which is 
to be skipped automatically. Skipping is con- 
tinued over that field by the 1 2-punches in the 
remaining columns of the field. The automatic 
skip and duplicate switch must be ON in order 
for automatic skipping to be effective. If this 



switch is off, the field is treated as a manual 
numeric shift field. 

0. (Automatic Duplication.) A zero punch is 
placed in the high order position of any field 
which is to be duplicated automatically. Dupli- 
cation is continued over that field by the 12 
punches in the remaining columns of the field. 
This duplication control is usually utilized for a 
numeric field, as there arc to be no intermittent 
or ending blanks in a numeric field (e.g., 12 34 
or 1 234). This is a method of helping to insure 
correct data is punched. The automatic skip and 
duplicate switch must be ON. 

1. (Alphabetic Shift.) The combination key- 
board is normally in numerical shift when the 
program card is in the machine, and depression 
of a combination key causes a number to be 
punched. In order to punch a letter, the key- 
board must be shifted to alphabetic punching. 
This shifting is done automatically by a 1 
punched in the program card for each column of 
the alphabetic field. This code is used in 
combination with the zero punch in the high 
order position of a field when duplicating 
alphameric information. The 1 punches permit 
automatic spacing over blank columns, valid 
only in alphabetic fields, and prevent skipping 
when letters containing 1 1 punches are 
duplicated. 

2. (Left Zero Print.) With program control 
effective, the type 26 card punch will not print 
zeros to the left of the high order significant 
digit in a numerical field unless a special code is 
placed in the program card. In order to print 
these zeros, a 2 must be punched in each column 
of the field in the program card. A zero in the 
units position of a field will always print, unless 
all printing is suppressed. These same rules of 
left zero print also apply to special characters. 

3. (Print Suppression.) When the print switch 
is ON, printing normally occurs for each column 
that is punched. Printing can be suppressed by 
punching a 3 in the program card for eadi 
column in which print suppression is desired. 

Function Control Keys 

31. ALPH (alphabetic shift) places the com- 
bination keyboard in alphabetic shift for as long 
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as it is held down. Depression of this key allows 
alphabetic punching in a numerical field. 

32. DUP (duplicate) operates in two ways. 
With program control, one depression of this 
key causes the Held for which it is depressed to 
be duplicated from the same field of the card at 
the read station. Without program control, 
duplication occurs for as long as the key is held 
down. 

33. DASH SKIP (or) DASH also operates in 
two ways. When the keyboard is in numerical 
shift, depression of this key will punch an 1 1 
and cause skipping. When the keyboard is in 
alphabetic shift, punching of an 11 without 
skipping will occur. 

36. SKIP causes skipping of the particular 
field for which it is depressed. It is normally 
used for skipping over unused columns in an 
alphabetic field. This key controls in the same 
way as a space bar if the keypunch is not under 
program control. 

When the AUTOMATIC SKIP and DUPLI- 
CATE SWITCH is turned on, codes punched in 
the program card to control automatic skipping 
and duplicating are effective. When turned off, 
automatic skipping and duplicating are sus- 
pended. 



Alternate Program 

An alternate program unit can be installed in 
card punch machines as an optional feature, so 
that two program setups can be punched in one 
program card. Coding for alternate program 
consists of 4-9 codes used in the same manner as 
the 12-3 codes for normal program. Alternate 
programming is especially useful when two 
different types of cards are to be punched from 
the same source document in one keypunching 
operation. This permits punching of both types 

cards without changing program cards. The 
program card is set up with normal programming 
for punching one type of card, and alternate 
programming for the other. Both normal and 
alternate program codes are summarized as 
foUows: 



Normal 


Alternate 




Code 


Code 


Function 


12 


4 


Field Defmition 


11 


5 


Start Automatic 






Skip 


0 


6 


Start Automatic 






Duplication 


1 


7 


Alphabetic Shift 


2 


8 


Left Zero Print 


3 


9 


Print Suppression 



39. ALT PROG (alternate program) is sup- 
plied only if the machine is equipped with the 
alternate program unit. This key is depressed 
either at the beginning of, or during the card 
cycle for each card that requires alternate 
program control instead of normal program 
control. The alternate program is effective for 
the REMAINDER of that card, and drops out at 
the end of that card. 

Optional Key 

38. AUX DUP (auxUiary duplicate) is sup- 
plied only if the machine is equipped with the 
auxiliary duplication feature. When depressed, 
this key causes duplication from a master card, 
mounted on the auxiliary dupUcating drum. 
With program control, one depression duplicates 
an entire field from the master card. Without 
program control, only one column is duplicated 
from the master card for each key depression. 

CARD PUNCH, TYPE 29 

The IBM type 29 card punch, pictured in 
foldout 3-3 is essentially like the types 24 and 
26 in design and operation, with additional 
features such as the unlimited use of two 
program levels and expanded character key- 
boards. Other differences are noted as foUows: 

Card Stacker 

The card stacker, when filled to a capacity of 
approximately 500 cards, operates a switch that 
interiocks the card feed. Power is not turned off, 
however, and the machine is ready for ini> 
mediate operation as soon as the cards axe 
removed from the stacker. 
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A scale is in the stacker so that an estimate 
can be made of the number of cards processed. 

Main Line Switch 

The main line switch is located on the front 
right side of the cabinet under the reading 
board. The machine is ready for immediate use 
when the main line switch is turned on. 



KEYBOARDS 

Foldout 3-3C illustrates the numeric and 
combination keyboards that are used on the 
type 29. The combination keyboard can be 
either a 48-character or a 64K:haracter model. 
Foldout 3-3 shows a 64<haracter keyboard, and 
the characters that can be punched by a single 



key depression. These 64 characters are arranged 
to be compatible with the IBM System/360. 

Figure 3-3 is a chart of the key top graphics 
and punched-hole codes associated with each 
key. 

Note that key 5 punches a combination of the 
zero, two, and eithg holes in the card. No 
graphic has been assigned to this combination. 

Functional Keys 

The functional keys perform all operations 
previously described for the type 24 and 26. 
They differ somewhat, as indicated in foldout 
3-3A, and as explained below. 

34. REL (release) and register cycles are not 
required to clear the card bed of cards. Use the 
clear switch for this operation. 
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Figure 3-3.-IBM 29 key graphics and punch codes. 
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35. FEED (card feed) if held depressed, 
moves two cards from the hopper mto the 
punch and preregister stations. When a card is 
registered at the punch station, the feed key is 
inoperative. 

39. PROG TWO (program two) causes im- 
mediate transfer to program two. Program two 
on the program card is essentially the same as 
alternate program on the types 24 and 26 (card 
columns 4-9) keypunches. 

45. PROG ONE (program one) causes the 
immediate transfer to program one. 

46. MC (master card) is installed only on 
machines having the master card insertion 
device. 

47. ERROR RESET unlocks an interlocked 
keyboard. On Model B this key also allows 
erasing storage for left zero keyed fields. 

48. LEFT ZERO, when installed (on Model 
B), initiates punching of zeroes to the left of the 
first significant digit in a field when programmed 
for that operation. 



Functional Control Switches 

The switches labeled AUTO SKIP/DUP, 
AUTO FEED, and PRINT on the keyboard 
panel control autonriatic skipping and dupli- 
cation, automatic feeding, and printing opep 
ations common to all card punches. 



Program Selection Switch 

With a program card in place and the program 
control lever in the operative position, the 
position of this switch determines whether 
program control starts in program one (12-3) or 
progi-am two (4-9). The switch setting selects the 
program level as a new card is registered for 
punching. The program level may be changed at 
will during punching by using the program 
selection keys. However, each time a card is 
registered for punching, the switch setting 
selects the starting program level. 



Qear Switch 

The clear switch is a spring-loaded, self- 
rCiioring switch used to clear all cards from the 
feed bed, without feeding additional cards from 
the hopper. One operation of the switch initiates 
the multiple cycles necessary to complete this 
operation, except when a ^ngle card is to be 
cleared from the preregister position. In this 
case, hold the clear switch operated until the 
card has been registered; it will then proceed to 
clear from the feed bed. 

When the print switch is on, zeros, dashes, 
and ampersands to the left of the first significant 
digit in a field are suppressed unless the LZ 
PRINT (left zero print) switch is turned on. 

PROGRAM UNIT 

The operation of the program unit is similar 
to the types 24 and 26. The ms^or difference is 
that the normal program unit is known as 
program level one, while the optional alternate 
program unit is a standard feature, and is 
program level two. Either program can be 
selected for card to card use by switching the 
program selection switch. If it is desired to use 
both program levels to control punching on a 
sin^e card, alternation from program to pro- 
gram can be made by program selection keys on 
the keyboard. Programs can be alternated at 
will, while punching a single card, by means of 
these keys. SliirUng beiween program levels 1 
and 2 i& UNLIMITED during the punching of a 
card. 

In one-program application, if the second 
level is not coded on the program card de- 
pressing this key suspends programming, making 
it necessary to raise the starwheels for program 
suspension. 

If either program key is depressed when a 
card is not registered at tiie punch station, a feed 
cycle will occur. 

PROGRAM CARD CODING-MODEL A 
Field Definition (12. 4) 

The 1 2-punch is the field definition punch for 
program one; the 4-punch is the field definition 
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punch for program two. A I'iclil definition punch 
for the program level being used must appear in 
every column except the first (high order posi* 
tion) of every field to be automatically skipped, 
duplicated, or manually punched. 

The field definition punch causes any skip or 
duplication operation started within a detlned 
field to continue to the end of that field. Several 
consecutive fields to be automatically skipped or 
duplicated as one Held can be programmed as a 
single field. Do not program a single column 
field with a field definition punch. 

Field definition codes punched in the pro- 
gram card for manually punched fields permit 
occasional skipping or duplicating. This skipping 
or duplicating is started by keyboard control 
keys. 



Automatic Skip (11,5) 

The 1 1 -punch is the auto-skip start code for 
program one; the 5-punch is the auto-skip start 
code for program two. In either program level, 
punching the auto-skip start code in the first 
column of the field to be skipped starts an 
automatic skip, which continues to the end of 
the field defined by the field definition punches. 

This operation is also under control of the 
functional control switch (AUTO SKIP/DUP) on 
the keyboard. If this switch is off, the program 
card codes for auto-skip start are not recognized. 



Automatic Duplication (0, 6) 

The 0-punch (zero) is the start-automatic- 
duplication code for program one; the 6-punch 
is the start-automatic-duplication code for pro- 
gram two. In either program level, punching the 
start-automatic-duplication code in the first 
column of the field to be duplicated starts 
automatic duplication, which continues to the 
end of the field defined by the field defiitiUon 
punches. 

This operation is also under control of the 
functional control switch (AUTO SKIP/DUP) on 
the keyboard. If the switch is off, the program 
card codes for start automatic duplication are 
not recognized. 



Alphabetic Shift (1, 7) 

The I -punch is the alphabetic shift code for 
program one; the 7-punch is the alphabetic shift 
code for program two. When a program card is 
in the machine, the combination keyboard is 
normally in numeric mode or shift. Therefore, 
to punch any alphabetic characters or special 
characters that are part of the alphabetic shift, 
the keyboard functions must be shifted to the 
correct mode. The shifting is accomplished by 
punching the alphabetic shift code, for the 
program level being used, into the columns of 
the program card that correspond to the col- 
umns of the card being punched with the 
alphabetic information. Every column to be 
punched as alphabetic must contain an alpha- 
betic shift code in the program card. FIELD 
DEFINITION DOES NOT EXTEND ALPHA- 
BETIC SHIFT. A 1 -punch is required for each 
column that h?s field definition. (This applies to 
the ty pes 24 and 26 also.) 

IBM 29 MODEL B 

Besides the ability to alternate at random 
between two programs. Model B of the IBM 29 
offers automatic left-zero Insertion. This is hot a 
special feature of all models but is peculiar to 
and exclusive with the Model B card punch. 

Keyed Storage Entry 

In a left-zero field, keying the significant digit 
does not simultaneously punch the digits in the 
card; they enter into storage instead. After all 
the significant digits of the field have been 
keyed, press the left-zero key to start punching. 
The machine adds the necessary number of zeros 
to the number of significant digits to equal the 
number of columns defined for the field (1st 
column coding in program card). The zeros, 
followed by the digits, are punched in the card. 

Storage Qearout 

At any time before the left-zero key is 
pressed, storage can be cleared, if the operator 
recognizes that he has made a keying error, by 
pressing the error reset key. The correct digits 
can immediately be rekeyed. 
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Exceeding Field Capacity 

One recogni-sable error condition that requires 
storage clearout or erasing, is overkeying the 
left-zero fleld capacity. Additional digits that are 
entered in excess of the programmed left-ze:v 
field size cause erroneous punching from 
storage. If recognized before the left-zero key is 
pressed, storage can be cleared with the error 
reset key, and the field rekeyed. There is no 
"built-in" interlock to prevent overkeying a 
left-zero field; operators have to guard against it. 

Skipping 

Le It-zero fields can be manually skipped if no 
punching is desired, but the decision to skip the 
field should be made before any digits are keyed 
into storage. The manual skip is executed 
without punching from storage. Therefore, any 
inadvertent entries into storage should be erased 
before or immediately after skipping by pressing 
the error reset key. This clears the storage of 
invalid digits before the next data is entered. 

Duplication 

Left-zero fields of identical data can be 
duplicated from one card to the next by 
manually pressing the dup key. When manually 
• duplicating, a left-zero field, duplicate the whole 
field; keying part of the information and man- 
ually duplicating the remainder is not possible. 
Any inadvertent entries into storage should be 
erased by pressing the error reset key to avoid 
incorrect punching in subsequent left-zero fields 
if they are not to be duplicated. 

Blank Fields 

A blank .^ft-zero f clc can be zero-filled by a 
single operation of th.- »jft-zero key. This causes 
punching of zeros in every position of the 
left-zero field without keying any significant 
digit. 

Completely Keyed Field 

A left-zero field completely filled with keyed 
data will not automatically punch out; the 
left-zero key must be pressed. This permits the 



correction of an error in the units position of 
the left-zero field. 

Program Card-Model B 

The Model B is the Left-Zero Insertion Card 
Punch. Preparing a Model B program card, 
except for fields where left zeros are to be 
inserted, is identical to preparing one for the 
Model A. The Model B too, can be programmed 
to auto ^ip, auto duplicate, and shift 
alphabetic. 

To program a field for left-zero insertion, 
count the number of columns in the field and 
from the following table select the code in the 
proper program level for the exact column 
count. Punch the chosen code into the first, or 
high-order, column of the left-zero field. Punch 
the remaining columns of the field with field 
definition punches. 

FIELD SIZE PRCXJRAM PROGRAM 



(COLUMNS) ONE TWO 

8 2 8 

7 3 9 

6 2-3 8-9 

5 1-2 7-8 

4 1-3 7-9 

3 1-2-3 7-8-9 



Left-zero fields of various lengths, from 3 to 8 
columns, may be on one card. Handle every 
left-zero field in the manner just described. 

IBM KEYPUNCH OPERATING 
SUGGESTIONS 

Before any keypunching operation is started, 
you should check to make sure that you have 
the correct program card mounted on the 
program drum, the proper type of cards in the 
card hopper, and the card punch cleared of all 
items not related to the job to be performed. 
The keyboard and source documents should be 
arranged in a manner to provide maximum 
reading and punching ease. 

There is no set procedure that governs all 
keypunching operations. The procedures to be 
followed depend upon the requirements of the 
particular job. The program card layout must be 
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determined by the type of data to be punched, 
and the manner of pundiing. Factors such as 
duplication, skipping, and combined alphabetic 
and numerical punching in the same field must 
be taken into consideration in order to prepare a 
program card for maximum punching efficiency. 
(Thi, information is related to the discussion of 
card design and layout in chapter 2.) 

Speed and accuracy in keypunching can be 
attained only through practice, and observance 
of the best methods to be followed. The 
following procedures and suggestions are listed 
as an aid in attaining efficient operation of card 
punch machines. 

Comer Cuts 

An important point to remember about any 
keypunching operation is to avoid using cards 
with lower comer cuts. Such cards, unless the 
corner cut has been specially designed, will not 
feet through the card bed properly. 

Inserting Cards Manually 

In certain instances keypunching will involve 
only one card, such as punching a header card, 
making over a damaged card, or correcting an 
erroneous card. All that is necessary to punch a 
single card is to insert the card directly into the 
card bed to the right of the punching station, 
depress the register key and start punching. For 
such an operation, program control is not 
required. When program control is not used, the 
keyboard is in alphabetic shift. Therefore, the 
numerical shift key must be held down while 
punching numbers from the combination keys. 

In order to duplicate one card, the card to be 
duplicated is placed in the card bed to the right 
> of the reading station and a blank card placed to 
the right of the punching station. Depression of 
the register key registers both cards. The dupli- 
cate key is then depressed and held down for as 
long as duplication is required. 

Error Correction 

Errors in punching will often be noticed and 
corrected at the time they are made. For 
operations involving program control, conection 



is easily accomplished with a minimum of 
repunching, by performing the following steps: 

1. Depress the release key when aa error in 
punching is detected. The card automatically 
skips over fields which are coded for manual 
punching, and fields coded for duplication 
beyond the point of the error are automatically 
duplicated. 

2. All correct fields to the left of the error 
field can be duplicated into the new card either 
by automatic duplication as set up in the 
program card, or by manual depression of the 
duplicate key for each field which is not 
programmed for automatic duplication. 

3. Repunch the field in which the error 
occurred, and continue normal punching. 

4. Remove the error card from the stacker 
and destroy. 

Engaging the Program 
Sensing Mechanism 

When the program control lever is tumed on 
to lower the starwheels, the sensing mechanism 
may not be fully engaged. Therefore, it is 
necessary also to depress the release key. For 
this reason, once the program is tumed on, it 
should be left on, and whenever possible, any 
temporary changes or interruptions in the 
punching routine should be handled by the 
functional switches and keys. 

Keyboard Locking 

The keyboard will become locked under any 
of the following conditions: 

1. When the main line switch is tumed off, 
and then on, while a card is registered at the 
punching station. The keyboard can be unlocked 
on types 24 and 26 by depressing the release 
key. On type 29, the clear switch should be 
operated to move the card to the stacker; 
however, the card at the punch station need not 
be removed. Depressing the feed key once will 
bring a second card down without advancing the 
first card, and restores the machine to operating 
condition. 

2. When an alphabetic key, other than a 
combination key, is depressed in a field pro- 
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grammed for numerical punching. The keyboard 
can be unlocked either by depressing the back- 
space key (then manually space to the next 
column), the release key (the card is released 
without punching), or the alphabetic shift key 
or error reset key (each will allow the erroneous 
alphabetic character to be punched). 

3. When a blank column is duplicated in a 
field programmed for numerical punching. This 
acts as a blank column detection device to assure 
that a digit is punched in every column of a 
nunerical field which is being duplicated. The 
keyboard can be unlocked by depressing either 
the back-space key or the alphabetic shift key. 

4. When a card is not registered at the 
punching station. Punching or spacing cannot be 
accomplished unless a card is in position to be 
punched. When the automatic feed switch is ON, 
either the register, feed, or release key can be 
depressed to move a card into punching 
position. 

5. When the register key or the feed key is 
depressed while a card is registered at the 
punching station. The keyboard can be unlocked 
by depressing either the release or backspace 
key. 

NOTE: On the type 29, the backspace key is 
not used for resetting a locked keyboard. The 
error reset key serves this function. 

Ribbon Replacement 

The ribbon on printing card punches feeds 
between two spools, through ribbon guides, and 
under the punch die, as shown in foldout 3-lC. 
The old ribbon is removed and a new one is 
inserted as follows: 

1. Turn off the main line switch. 

2. Remove the ribbon-spool retahiing-clamp. 

3. (Xit or break the old ribbon. 

4. Remove both spools from their spindles 
and pull out the two pieces of ribbon. Empty 
CMie of the ^ools. 

5. Place the spool of new ribbon on the 
light-hand spindle, positioning it so that the 
ribbon feeds from the top of the spool toward 
the front of the machine. Lift up the right end 
of the ribbon-reversing arm, if it is not already 
up, and unroll about a foot and a half of ribbon; 



then push down the right end of the ribbon- 
reversing arm to hold the spool steady. 

6. Feed the metal leading-end of the ribbon 
between the punch die and the card bed, sliding 
it through the groove in the center of the card 
bed (between the "3" and "4** punching posi- 
tions). The groove permits the extra thickness of 
the metal end and the reversing eyelet to pass 
between the punch die and the card bed. Be sure 
to keep the ribbon straight, with the "top" edge 
up at all times. 

7. Hook the metal leading-end of the ribbon 
in the slot in the center of the empty spool and 
wind the ribbon onto the spool until the 
reversing eyelet is on the spool. 

8. Place the spool on the left spindle, posi- 
tioning it so that the ribbon feeds onto the spool 
over the top. Be sure that the ribbon is not 
twisted and that the "top" edge of the ribbon is 
still up. 

9. Hook the ribbon around the right and left 
wire ribbon guides, and slide it through the right 
and left ends of the reversing arm and over the 
rollers in front of the ribbon spools. 

10. Slide the ribbon up under the punch die so 
that it is in the upper groove provided for it in 
card-printing position (above the "12" punching 
position), and take up the slack. 

11. Replace the ribbon-spool retaining-clamp. 

Multiple Punched Columns 

Normal spacing is suspended when the 
multiple-punch key is depressed. This permits 
you to punch as many digits as you wish in one 
column, for as long as the multiple-punch key is 
held down. If your machine is not equipped 
with a multiple-punch key, the space bar can be 
held down for this operation. The keyboard is m 
numerical shift when either the multiple-punch 
key or the space bar is depressed. 

Punching and duplicating multiple punches on 
the 26 and 29 card punches must be limited to 
printable characters to eliminate possible 
damage to the printing mechanism. 

Checking Registration 

Card punches should be checked daily to 
ensure that punching is being aligned correctly 
in the card. Visual checking of the punched card 
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is not reliable, since the printed numbers in the 
cards may not be aligned perfectly. A punch 
should be placed in each of the 80 columns of a 
card. This card should then be placed on a 
CARD GAGE which is designed to indicate the 
exact location of every punching position in a 
card. If the cards are off-punched, the punches 
may not be read correctly by other machines. A 
customer engineer should be contacted to adjust 
the punching registration of the card punch. 



IBM CARD VERIFIERS 



VERIFYING 



Card verifyi-ig is simply a means of checking 
the accuracy of the original keypunching. A 
second operator verifies the original punching by 
depressing the keys of a verifier while reading 
from the same source document that was used 
to punch the cards. 

This may seem like a repetitious step, but 
remember that the punched card is the main 
input medium for data processing. It is, 
therefore, very important to take the time to 
verify (edit) the data. 



CARD VERIFIER, TYPE 56 

The IBM type 56 card verifier closely resem- 
bles the 24 card punch in design and operation. 
Card feeding, stacking, and program control 
operate the same in both machines. Features 
differing from the carc^unch are illustrated in 
foldout 3-4 and are discus||d in this section. 

Verification is performs at the first station 
in the card bed. Instead of punch dies, the 
verifier contains a sensing mechanism consisting 
of 12 pins. (See fig. 3-4.) So long as the verifier 
operator depresses the same key as the card 
punch operator depressed in punching the origi- 
nal hole(s), the card will proceed to the next 
column to be verified. However, if the hole 
pattern detected by the pins of the sensing 
mechanism does not agree with the key de- 
pressed, an error is signaled* When a card is 
verified and found correct, a notch is auto* 
matically cut into the right end of the card. If 
the card is incorrect, a notch is cut in it over the 
column containing the error. (See foldout 3-4D*) 
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SCHEMATIC Of PINS DETECTING AN E ETC. 

IR-KEY IS DEPRESSED SY VERIFIER INSTEAD OF 
E, CAUSING THE ERROR LIGHT TO COME ON 
ETC. 
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Figura 3-4.-IBM 56 tensing pins. 



Error Ught 

The card verifier is equipped with an error 
light in place of a backspace key. When an error 
is detected, the light goes on, and the keyboard 
becomes locked. The procedure to be followed 
in such a situation is described later in this 
chapter under Operating Suggestions. 
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Cofiibinatiun Keyboard 

All keys on the type 56 card verifier operate 
the same as the corresponding keys on the type 
24 card punch, with the exception of the 
following functional keys. Refer to foldout 3-4E 
for location of these keys. 

32. VKR DUP (verify duplication) causes 
verification of the card at the verifying station 
by comparing it with tlie preceding card. With 
program control, a single key depression causes 
the field for which it is depressed to be verified 
at the rate of 20 columns per second. Without 
program control, verification is performed at the 
rate of 10 columns per second for as long as this 
key is held down. 

It should be noted, however, that though 
program cards arc interchangeable between 
machines, the "O" code will initiate automatic 
verification (versus duplication); that is, desig- 
nated fields may be automatically compared 
with the same fields of the card at the reading 
station. (Automatic verification is often used in 
the verification of fields that were duplicated in 
the original punching operation.) 

38. AUX VER (auxiliary verify) operates 
only if the machine is equipped with the 
auxiliary verification device. This key causes 
verification by comparing the card at the verify- 
ing station with a master card mounted on an 
auxiliary program drum. 

44. MP-ER (multiple punch, error release) 
performs two functions. It prevents normal 
spacing of the card in order to verify two or 
more punches in one column. It also releases the 
keyboard when the keyboard becomes locked 
during a verifying operation. The keyboard is in 
numerical shift when this key is depressed. 

Function Control Switches 

Referring to foldout 3-4 A, you will notice 
that the automatic skip and verify switch 
replaces the automatic skip and duplicate switch 
of the card punch. 

The AUTOMATIC FEED SWITCH performs 
the same functions as the card punch c/.cept 
feeding is suppressed when an error card moves 



from the verifying station. This allows the error 
card to stop between the verifying station and 
the reading station so that the correct informa- 
tion can be written on the card. 

CARD VERIFIER, TYPE 59 

As the type 56 card verifier closely resembles 
the type 24 card punch, the IBM type 59 verifier 
sliown in foldout 3-4B, is the same in design and 
features as the type 29 card punch. The oper- 
ation of the two generations is very similar. The 
type 59 card verifier, however, uses fiber-optics 
and phototransistors for sensing holes in the 
card. 

Automatic Verification 

Depending on the program level, a 0 (zero) or 
a 6 punched in the first column of any field 
starts automatic verification which operates at 
the rate of 50 columns per second. High speed 
automatic verification at the increased speed of 
80 columns per second is programmed by 
addition of a 3-punch or a 9-punch, depending 
on the program level, to the original 0-punch or 
6-punch (0-3, 6-9). 

Keyboards 

The NOTCH key (46) causes an error notch 
to be cut in the 12 edge of the error column. 
The only condition in which this key is oper- 
ative is a high speed error condition. 

The error light on the keyboard is turned off 
by depressing the ERROR-RESET key. In a high 
speed automatic verification operation, the light 
does not go out when the ERROR-RESET key 
is depressed; it remains on to signal a high speed 
error. The CLEAR, RELEASE, or NOTCH key 
must de depressed, following the ERROR- 
RESET key depression, to continue the error 
handling routine. 

IBM VERIFIER OPERATING 
SUGGESTIONS 

The procedures to be followed for setting up 
a verifying operation are the same as for 
keypunching. Therefore, some of the suggestions 
listed under Keypunches, such as starting a 
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punching operation and engaging the program 
sensing mechanism, apply equally to verifying. 
Other suggestions for verifying are listed as 
follows. 

Multiple Punch Verification 

The MULTIPLE PUNCH key, when held 
depressed^ prevents normal spacing of the card, 
thus permitting the verification of two or more 
punched holes in one column. All punches in a 
column must be verified unless the machine is 
equipped with a veriHcation-elimination device. 

OK Notch 

When a card is verified, a notch is cut in the 
right end of the card. Every field of the card 
must be either verified or programmed to skip in 
order for the final OK notch to be cut. The card 
is not notched if released. Therefore, if a card is 
to be verified without program control, each 
column must be keyed, spaced, or automatically 
verified in order to obtain the OK notch. 

Since cards passing the verifier test are 
notched on the column-80 end of the card 
between the 0 and 1 rows separating the 
incorrect cards (those not having the OK notch) 
for repunching is simplified. An upper right 
comer cut card should not be used for a 
program card as it may interfere with the check 
notching. 

Inserting Cards Manually 

Improper manual registration of a card at the 
reading station may cause false errors during an 
operation. When manually inserting a card at the 
reading station, do not push the card in all the 
way to the stop. Insert the card about 1 inch 
beyond the pressure roll so the card will be 
machine registered by the pressure roll when the 
register key is depressed. 

Keyboard Lodcing 

If a key is depressed which does not cor- 
respond to the hole punched m the card, the 
keyboard will lock. The procedure for unlocking 
the keyboard and reverifying the column is de- 



scribed under Operating Procedures* Other lock- 
ing of the keyboard may be caused by any one 
of the following situations: 

1. When the main line switch is turned off 
and then on while a card is registered at the 
verifying station. The keyboard may be un- 
locked by depressing the release key. 

2. When a card is registered at the verifying 
station, and the register key is depressed un- 
necessarily. This causes the feed and release keys 
to lock. They are unlocked either by depression 
of a character key, the space bar, or the error 
release/reset key. 

3. When a card is registered at the verifying 
station, and the feed key is depressed unneces- 
sarily. This causes the register and release keys 
to lock. They are unlocked either by depressing 
a character key, the space bar, or the error 
release/reset key. 

Error Routine 

The operating principle for verifiers is the 
same as for the card punches, with the exception 
of the error routine. Errors may be committed 
either in the punchhig of a card or in the 
verification. Therefore, provision is made for 
three trials in the verification of a column. If an 
error is made while verifying, you have two 
more chances to depress the correct key. When 
the error light comes on, the following routine 
should be followed: 

1. Depress the error release/reset key to free 
the keyboard. 

2. Make a second attempt to verify the 
column. If on this trial the card registers correct, 
the error light goes out, and verification can be 
continued. If it registers incorrect, the error light 
remains on and the keyboard becomes bcked 
again. 

3. Depress the error release/reset key again. 

4. Make a third attempt to verify the column. 
At this time the light goes off and verification 
can be continued whether the card is correct or 
not. If it is incorrect, the column is error 
notched. When it is evident that a character has 
been omitted, the skip key can be depressed in 
lieu of making the second or third attempt to 
verify the error column. The error column is 
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then notched, the error light turns off, and the 
lemaining portion of the field is skipped. 

UNIVAC 

The UNIVAC Verifying Punch and the UNI- 
VAC Verifying Interpreting Punch, as their 
names imply, are multifunction (multiuse) 
machines. Refer to foldout 3-5 for the UNIVAC 
machines. The UNIVAC 1701 VP, Verifying 
Punch is both a key punch and a verifier. The 
UNIVA': 1710 VIP, Verifying Interpreting 
Punch, IS a key punch, with or without printing, 
a verifier, with or without printing and an 
interpreter. 

The VIP has the ability to print (interpret) on 
the cards; the VP does not. This is the big 
difference in the two machines. 

The principal use of a VP or VIP is as a key 
punch. Most of the features used for key 
punching apply to the other uses. Your knowl- 
edge of these features for key punching leads 
directly to your understanduig of their use for 
verifying and interpreting. 

On this basis, discussion is divided into three 
major sections: key punching, verifying, and 
interpreting. First you will understand about the 
individual features as they apply to key punch- 
ing, and then how these features are used both 
individually and in combination in the key 
punching operation. The same procedure is then 
followed for verifying and interpreting. 

CORE STORAGE 

One of the internal parts you should become 
acquainted with at the start is the magnetic 
CORE STORAGE. It is introduced to you at 
this time because it is the feature around which 
all operations are centered. 

There are three parts in the core storage: 
program storage, data input storage, and data 
output storage. Each of these parts has the same 
capacity as an 80<olumn card, that is, 80 
columns with 1 2 positions in each column. 

There is a magnetic core for each of the 960 
positions in each part. Each of these cores can 
be made to represent either a punched or a 
blank position. 

Through the use of the core storage, the key 
punching operation is done in these two steps: 



1. An image of the card to be punched is 
made by entering all the information for that 
card into the magnetic cores of data input 
storage. This is usually done by pressing the 
proper character keys on the keyboard. 

Because NO PUNCHING of the card takes 
place as yet, you are free to make any correc- 
tions or changes to this image-usually called a 
SETUP-either as it is being made or after it is 
finished. 

2. Only after you are satisfied with the setup 
you have made do you start the punching into 
the card. 

The complete setup in data input storage is 
transferred automatically in 12.8 milliseconds to 
data output storage. 12.8 milliseconds in 0.0128 
seconds or 128 ten-thousandths of a second. 

A card is fed and punched automatically with 
the information contained in data output 
storage. 

Thus, after you have finished the setup for 
one card, the VP or VIP is ready in an instant 
for you to start the entry for the next card in 
the data input storage while the punching of the 
last card and the feeding of the next card 
proceed independently. There is no waiting 
while the cards are moving. 

INSTANT CORRECTION 

When you feel that you have made an error 
while making a setup, all you have to do is 
backspace, press the correct key or keys to erase 
the old entry and make the new. You then go 
ahead with the rest of the setup. 

If, after a setup is finished, you believe it to 
be partially or completely wrong, return to the , 
point of error and correct it or make a new 
setup. 

Because the card is not punched at the time 
the character keys are preyed, the card in the 
machine is not changed-it remains blank; the 
card is not spoiled, nor do you lose all of your 
effort of having to repeat the information from 
the beginning. 

As you can see, this way of operating helps 
you to do away with wasted effort and foiled 
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cards. It gives you u good chance, without extra 
effort, to produce accumtely punched cards on 
the first try. 

DUPLICATING AND SKIPPING 

Data can be completely or partially punched, 
"duplicated," in the next card or as many other 
cards immediately following as you wish. This 
DUPLICATING feature requires a complete 
setup be made in storage for the first card of a 
group of cards that will contain fields of like 
information. 

For each following card in the group, you will 
enter into storage only the new, variable infor- 
mation for the fields that need to be changed. 
You pass right through the fields in storage 
(^ntaining the information to be duplicated. 

In addition to the fields to be duplicated, 
most card punching applications include fields 
to be partially or completely blank (un- 
punched). The SKIPPING operation is used to 
pass through these fields in the core storage with 
an ERASING action that CLEARS any infor- 
mation they might contain. 

The duplicating and skipping operations are 
started at the first column of a field either by 
pressing a control key on the keyboard or 
automatically by programming. Once started, 
they are performed at the rate of 80 micro- 
seconds for each column duplicated or skipped. 
80 microseconds is 0.000080 seconds or 80 
millionths of one second. 

With this speed, most duplicating and 
skipping operations are completed without a 
break in your usual operating rhythm. 

AUTOMATIC RIGHT JUSTIFYING 

Because of the core storage, RIGHT JUSTIFY 
(left-zero insertion) is included in all machines. 
With this feature, it is only necessary for you to 
enter the significant characters for a field (usu- 
ally an amount field). When you have entered all 
of these digits, you press the +RJ key on the 
Keyboard. 

At that moment, all of the digits you have 
entered shift automatically to the right in the 
amount field, and zeros enter automatically to 
the left in that field. 



PROGRAMMING 

Another use of the core storage is to house 
the PROGRAM for individual punching applica- 
tions. This is the machine control setup. Among 
other operations, automatic duplicating and 
skipping are controlled by the program. 

The program setup is made quickly and 
accurately merely by the automatic reading of a 
prepunched PROGRAM CARD. This card enters 
the controls (PROGRAM CODES) into program 
storage to remain there without change until the 
application is finished. 

The basic control (usually program 1 ) for the 
card punching thus established from a program 
card can give full automation to the operation 
but can be varied for the punching of individual 
cards within an application by the use of 
controls on the keyboard and by an alternate 
program (usually program 2). 

MODES OF OPERATION 

The VP and VIP operate in one of four 
MODES at any one time. This is important to 
know at the start. 

Two switches on the keyboard (foldout 3-5 B) 
set the MODE OF OPERATION. You can 
switch from one mode to the other at will. The 
modes of operation are: 

LOAD PROGRAM MODE. -The program 
codes punched in a program card are read 
automatically and entered into program storage. 

LOAD DATA MODE. -The information in a 
prepunched master card is read automatically 
and entered into data input storage. 

AUTOMATIC MODE. -The automatic start- 
ing and control of operation is obtained from 
the program. Operations can also be started and 
controlled from control keys on the" keyboard. 

MANUAL MODE. -Operations are started 
from control keys on the keyboard. 

In the load mode, load program and load 
data, entry is made into program or data input 
storage only from prepunched cards. 

In the operating modes, automatic and man- 
ual, entry is made only into data input storage 



ERIC 



Chapter 3-CARD PUNCHES AND VERIFIERS 



and only from the character keys and space bar 
on the keyboard. 

EXTERNAL FEATURES 
Pow«r Switch 

The power switch is located just beneath the 
right>rear comer of the reading board. See 
foldout 3-5. The red button, just above the 
power switch, is for the circuit breaker. If 
electrical trouble develops in the machine, the 
circuit breaker turns off the power immediately. 
To turn on the power, press in on this switch. If 
the power turns off again, see your supervisor. 

li^ut Magazine 

The supply of cards to be punched is placed 
face forward with the bottom (9) edge down in 
the input magazine. This magazine will hold 
about 600 cards. 

Auxiliary Input 

This slot, right in front of the input magazine, 
is used to inject individual cards into the 
machine without disturbing the cards in the 
input magazine. Inserting a card in the auxiliary 
input prevents card feeding from the magazine. 

IMPORTANT: When you insert a card in the 
auxiliary input, there must either be cards in the 
magazine or the follower arm must be forward. 
If this is not done, the card will not be fed from 
the auxiliary input. 

The auxiliary input is very valuable to you. 
Four major uses are: 

1. Entering a program-in the load program 

mode . 

2. Entering constant data-in the load data 

mode 

3. Remaking a damaged card-m the load 
data mode 

4. Correcting a card-in the load data mode 
Visible Station 

When you are keying (manually entering) 
information into data input storage by pressing 



the keys on the keyboard, the card to be 
punched with that infonnation is usually in the 
visible station at that time. 

This current card is at rest behind plate glass 
with its surface visible to you. In many applica- 
tions, the information to be punched into a card 
is recorded on its surface. The card stands 
completely still while you read and key in this 
information. This is most helpful to you espe- 
cially if the characters are small or handwritten. 

If you need a close examination of the card or 
an answer to doubtful information on that card, 
just press the EJECT key. That card will scoot 
out to the SELECT STACKER without being 
punched. You can then do either of the 
following: 

1. If you are sufficiently satisfied so that you 
can go ahead with that card, insert it in the 
auxiliary input and press the FEED key. The 
card goes right back into place in the visible 
station so you can continue where you left off. 

2. If you are still doubtful, turn the card 
around and put it at the back of the cards in the 
OUTPUT STACKER so that you can take care 
of it later. Press the FEED key to bring the next 
card from the magazine to the visible station. 

An important point to remember about the 
card in the visible station is that nothing happens 
to that card until a caid feeding cycle is taken. 
Up to that time, you are working with the setup 
in data input storage and can make any changes 
or corrections you desire. 

It really is not necessary to have a card in the 
visible station when making a setup; it can be 
empty. When the setup is completed, the next 
card fed from the visible station will be punched 
with that setup. 



Column Indicator 

The two-digit column indicator is just below 
the visible station. This indicator shows the 
numbers from 1 to 80 in bold, 1-inch high 
characters. 

This indicator shows the data input storage 
column with which you are working at any given 
instant. 
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When you press a character key, the entry for 
that key is made in the data input storage 
column shown by the column indicator at the 
time that key is pressed. 

STACKERS 

There are two stackers at the left side to 
receive the cards fed through the machine. The 
larger of the two stackers, the one at the front, 
is the OUTPUT STACKER. The smaller stacker 
at the rear is the SELECT STACKER. 

Separating the two stackers is a stacking 
device. This device operates automatically on 
each cycle to direct each card to its stacker and 
to stack the cards properly. 

The OUTPUT STACKER wiU hold about 600 
cards. In the automatic and manual modes, this 
stacker receives the cards punched during a card 
feeding cycle. 

The output stacker contains a FOLLOWER 
BLOCK. Before you start operating, be sure that 
this block is pushed all the way back toward the 
stacking device. 

A FULL STACKER condition happens auto- 
matically when the capacity of the output 
stacker is reached. An arm in the base of the 
follower block closes a switch. 

When there is a full stacker, you get what is 
called a KEYBOARD INTERLOCK. The red 
INTERLOCK INDICATOR, light at the left of 
the NUMERIC key glows, and the keyboard 
becomes inoperative. To unlock the keyboard, 
push back the follower block, remove the cards 
from the output stacker and press the CLEAR 
key on the keyboard. 

The SELECT STACKER holds about 20 
cards. It has no full stacker signal. In the load 
program and load data modes, the program and 
master card feed to the select stacker. In the 
automatic and manual modes, a card in the 
visible station is fed to the select stacker when a 
card is fed from the auxiliary input OR the 
EJECT key is pressed. 

If you allow more than one card to remain in 
the select stacker, each following card directed 
to this stacker feeds in FRONT of the preceding 
card. 

Read Station 

The read station is just to the right of the 
visible station. As a card is fed from either the 



input magazine or the auxiliary input, it passes 
through this station without stopping on its way 
to the visible station. The reading is done by 
**photoK)ptics** (similar to an electric eye). 

FUNCTION CONTROL SWITCHES 

The function control switches located across 
the top of the keyboard unit are used to control 
the various operations of the VP or VIP. Those 
pertaining solely to the VIP wiU be discussed 
later. 

Punch-Verify Switch 

When set at PUNCH, the VP or VIP wiU 
function as a keypunch. When set at VERIFY, 
the VP or VIP will function as a verifier. _ 

Mode Control Switches 

The two switches available to control the 
mode of operation are the LOAD MODE and 
the OPERATING MODE. 

The LOAD MODE may be set at one of three 

positions: 

1. LOAD PROG (load program mode)-Set 
the switch at this setting when you want to 
enter a program from the program card into the 
data input and program storage. 

2. LOAD DATA (load data mode)-Set the 
switch here when you want to enter information 
into data input storage from a prepunched card. 

3. OFF-For either the manual or automatic 
mode, set this switch at this center position. 

With the LOAD MODE switch set OFF, make 
either one of these two settings of the OPER- 
ATION MODE switch: 

1. AUTO (automatic mode)- You can enter 
data from the keyboard. The program will be in 
full effect, and automatic operation will take 
place. 

2. MANUAL (manual mode)- You can enter 
data from the keyboard. Only the field defini- 
tion ( 1 2, 4) in the program will be in effect. 

You will generally have the most use of these 
two switches at the beginning of a key punching 
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operation; to enter the program, to enter data to 
be duplicated, and then to set the mode of 
operation (automatic or manual) for the punch- 
ing of the cards. 

Program Selection Switch 

Set this switch at PROG 1 or PROG 2 to 
determine whether program 1 or program 2 will 
provide the basic program control over the 
operation. You generally have no need to change 
this switch setting during a job. 

When you change this switch setting, the new 
setting does not take effect until after you have 
taken a card feeding cycle or have pressed the 
HOME key. 

Most applications use only one program. 
When two different programs are to be used 
during one job, the usual means of switching 
from one program to the other is by pressing the 
PROG ALT key. 

When program 2 is in control, the green 
PROGRAM 2 indicator will be lit. It is not lit 
when program 1 is in control. Tliis indicator is 
just above the top row of the keybank over the 
PROG ALT key. 

Right Justify FiU Switch 

If you are to use right justify (left zero 
insertion) for one or more fields, be sure to 
make the proper setting of this switch before 
starting operation. This switch setting deter- 
mines whether zeros or blanks will be auto- 
matically inserted (filled) in the columns to the 
left of the first significant character in each 
field. 

ZERO FILL-Zeros will be inserted. 
BLANK FILL-The columns will be blank. 

Character Keys and Space Bar 

The thirty-four character keys and the space 
bar in the four row keybank are used to 
manually enter the 63 character and space codes 
into the data uiput storage. 

The keys containing the numbers (12, 11, 
0-9) and the space bar are off-white in color. 
The balance of the character keys are white. 



The keyboard used for illustration (see fold- 
out 3-5 B) is the UNI VAC 9000 Keyboard. It 
may or may not be the one provided with your 
machine. 

The standard keyboards differ from one 
another usually only in the special characters, 
their location, and the 80-column code related 
to those characters. 

The characters other than the 12 numerical 
and 26 alphabetical are called special characters. 
Most of these characters are in the NUMERIC 
shift. 

The KEYBOARD SHIFT functions in the 
following manner: 

In the Manual Mode.-The keyboard will go 
into NUMERIC shift and remain there when the 
NUMERIC key on the keyboard is pressed; the 
green light in the top-center of the keyboard will 
NOT be lit. This green light is called the ALPHA 
indicator. 

When the ALPHA key is pressed, the keybank 
will go into alphabetic shift and remain there; 
the ALPHA indicator is lit. 

In the Automatic Mode.-The keybank is 
automatically in the NUMERIC shift and the 
green ALPHA indicator is off. Individual col- 
umns can be programmed to go into the ALPHA 
shift and turn on the ALPHA indicator. 

With this automatic shifting, entry is made 
from the opposite shift by holding down the 
NUMERIC or ALPHA key when pressing a 
character key. 

Operating Control Keys 

The fifteen gray operating control keys are in 
the top row and at the left and right sides of the 
keybank. These keys give you full control over 
the key punching operation from the keyboard. 

FEED-Row 2, Key 1 1 .-The basic purpose of 
this key is to cause a card feeding cycle. Exactly 
what happens on a card feeding cycle depends 
on the mode of operation and whether the card 
is fed from the input magazine or the auxiliary 
input. 

In the Manual Mode.-The FEED key is the 
only means of causing a card feeding cycle. If 
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the card is fed from the input magazine, a card 
in the visible station is punched with all of the 
information in data input storage at the time 
and is delivered to the output stacker while the 
card from the magazine feeds to the visible 
station without being read. 

If the card is fed from the auxiliary input, a 
card in the visible station at that time is punched 
with all of the information in data input storage 
at the time and is delivered to the select stacker 
while the card from the auxiliary input feeds to 
the visible station without being read. 

In the Automatic Mode. -There are several 
ways of causing a card feeding cycle. The 
automatic feed starts a card feeding cycle when 
the data storage is indexed through column 80 
to the right margin to punch all of the informa- 
tion in data input storage at the time. 

The FEED key may be used at any other time 
to obtain a card feeding cycle as described above 
for the manual mode. 

In the Load Program and Load Data Modes. - 
The FEED key is the only way to get a card 
feeding cycle. If the card is fed from the input 
magazine, the card in the visible station is 
delivered to the output stacker while the card 
from the magazine is read as it feeds to the 
visible station. 

If the card is fed from the auxiliary input, 
ONE depression of the FEED key will cause 
TWO automatic cycles: 

On the first cycle, a card in the visible station 
is fed to the select stacker while the card from 
the auxiliary input is read as it feeds to the 
visible station. 

On the second cycle, the card in the visible 
station is also fed to the select stacker. There is 
no feeding from the input magazine during this 
second cycle. 

There is no card punching in either the load 
program or load data mode. 

When a card is fed from the auxiliary input, 
regardless of the mode of operation, the card at 
the visible station at that time feeds to the select 
stacker. 

GANGPUNCHING as many cards as desired is 
accomplished by repeated depressions of the 



FEED key in the manual mode. Each card 
produced will contain all of the information in 
data input storage at the time the operation 
started. You may wish to punch only one 
position or a Held in blank cards or cards already 
punched. On the other hand, you may produce 
two or more cards exactly alike with complete 
information. 

The operation caused by pressing the FEED 
does not start until you RELEASE the key. This 
is also true of the EJECT key. When you press 
and hold down either of these keys, nothing 
happens until you lift your finger. For the other 
operating control keys, the operation starts as 
the key is fully pressed. 

If you press the FEED key while one card 
feeding cycle is taking place, the next cycle will 
start immediately after the first is finished. You 
do not have to wait for a cycle to end before 
you press the FEED key for the next. 

EJECT- ROW 1, KEY 11. -Pressing this key 
will cause a card eject cycle regardless of the 
mode of operation. When pressed, a card in the 
visible station is fed to the select stacker without 
being punched. No cards feeds from either the 
input magazine or auxiliary input, and the data 
storage remains unchanged until a new entry is 
started. 

The EJECT key is inoperative when there is a 
keyboard or a card feed interlock. It becomes 
operative when the reason for the interlock is 
corrected. 

As mentioned under FEED key, the operation 
caused by pressing the EJECT key does not start 
until you RELEASE the key. 



HOME-ROW 3, KEY .12. -Pressing the 
HOME key indexes the column indicator to 
column 1. There is no card feeding nor any 
change to data storage. If you And you have 
made a mistake when entering a setup but do 
not know exactly where, just press the HOME 
key to start again. 

Because the HOME key gives you this oppor- 
tunity to restart a setup, it functions to put the 
machine in the same condition that it was in 
before you started that setup. The machine is 
"reset." You can then use the same procedure 
you would follow for a new setup. 
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(BACKSPACE) ROW 1, KEY 6. -One de- 
pression of the BACKSPACE (arrow) key re- 
tracts the storage indexing and the column 
indicator reading one column each time it is 
pressed. You can backspace as many columns as 
you wish until column 1 is reached. There will 
be no change to the contents of data storage. 

In the automatic mode if you backspace to a 
column programmed to start an automatic oper- 
ation such as skipping or duplicating, that 
operation will NOT take place. It can be 
obtained, however, by pressing the proper opera- 
ting control key. If, however, you backspace 
into a column programmed for alphabetic shift, 
that shift WILL take place. 

COL DUP (COLUMN DUPLICATE)-ROW 4, 
KEY 1 1 .-One depression of the COL DUP key 
advances the storage indexing and the column 
indicator reading one column each time it is 
pressed. If you hold the COL DUP key de- 
pressed, you can advance at the rate of about 10 
columns a second until you release the key. The 
action of the COL DUP key has no effect upon 
the contents of data storage; what is already in a 
column stays there. 

In the automatic mode if you advance by 
means of the COL DUP key into a column 
programmed to start an automatic operation 
such as skipping or duplicating, that operation 
will NOT start automatically. It can, however, 
be obtained by pressing the proper operating 
control key. On the other hand, if you advance 
with the COL DUP key into a column pro- 
grammed for alphabetic shift, that shift will take 
place. In either the manual or automatic mode, 
use of this key will not start a duplicating 
operation. The COL DUP key is one way of 
duplicating information already in data storage. 
It is usually used for this purpose when you 
want to disregard the program. 

DUP (DUPLICATE)~ROW 1, KEY 7.-This 
key is used to start a duplicating operation in 
either the manual or automatic mode. Field 
definition in the program is used to cause the 
duplicating operation to continue for more than 
one column. If the next column in the program 
does not have the field definition code, only the 
column on which the key is pressed will be 



duplicated. The duplicating operation has no 
effect upon the contents of data storage. 

SKIP-ROW 3, KEY 1 l.-This key is used to 
start a skipping operation to ERASE and thus to 
create blanks (space codes) in the data storage 
columns included in the skip. When you press 
the SKIP key (in auto mode), the column shown 
by the column indicator at that time will be 
skipped and will continue if under program 
control to the end of field definition. 

NOTE: Pressing the space bar is the way you 
usually get a single-column skip (space). 

Frequent use of the SKIP key is for descrip- 
tion or name fields where the number of 
characters to be entered in the field will vary 
from card to card. After entering the last 
character, press the SKIP key to skip out of the 
field. This will assure you that all columns in the 
field following the last character you entered are 
blank. 

When you press the SKIP key (in manual 
mode), the skip will be all of the way through 
column 80 to the right margin regardless of the 
program. 

There are many times when you need to clear 
all of data storage or, at least, you want to make 
sure that it is clear. Two depressions of the SKIP 
key will do this instantly. The first depression is 
to assure yourself that the column indicator will 
be at column 1 for the second skip. 

+RJ (RIGHT JUSTIFY, POSITIVE)-ROW 2, 
KEY 12; -RJ (RIGHT JUSTIFY, NEGA- 
TIVE)-ROW 1, KEY 12.-Both of these keys 
perform the right justify operation. The -RJ 
key does one small but important thing that the 
+RJ does not; it causes position 11 to be 
punched in the units column of a field that is 
right justified. This is usually referred to as an 
overpunch to indicate a negative amount field. 
Zeros or blanks, depending on the setting of the 
right justify fill switch, enter the empty columns 
to the left of the first significant character in the 
field. If any space codes are entered after the 
first significant character is entered, those spaces 
will be eliminated during the right justifying, 
leaving only the character codes in the final 
(justified) result. 
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To fill an entire field with zeros or blanks 
according to the setting of the right justify fill 
switch, merely press an RJ (+ or -) key. The 
-RJ does not enter position 1 1 in this case. 

Usually, the setting of the right justify fill 
switch you make at the start of a job is not 
changed. On some applications, however, this 
switch setting may have to be changed for 
individual fields during a run. When this is 
necessary, the change can be made at any time 
before you press the RJ key for that field. 

The right justify works as well with alpha- 
betical and special characters as it does with 
numerals. 

CORR (CORRECTION)-ROW 3, KEY 
13.-This key is used only when verifying. 

PROG ALT (PROGRAM ALTER)-ROW 1, 
KEY 10. -When two different programs are to 
control the operation during one job, this key Is 
usually used to switch from one program to the 
other. You would press this PROG ALT key 
before starting certain cards or when the 
machine is stopped at specific columns while 
indexing through storage. 

Before you start your manual entry for a 
card, the operation is under the control of the 
program determined by the setting of the 
program selection switch. This can be called the 
basic program. A single depression of the PROG 
ALT key at this time or later on during the 
entry will switch the control at once to the 
other program, called the alternate program. A 
second depression of tliis key during the entry 
for the card will switch the control back to the 
basic program. During the entry for one card, 
you can switch from one program to the other 
as many times as required. 

llie program control returns automatically to 
the basic program (program selection switch 
setting) following a card feeding cycle or a 
depression of the HOME key. 

When program 2 is in control, the green 
program 2 indicator will be lit. When program 1 
is in control, this indicator is not lit. 

MULT PCH (MULTIPLE PUNCH)-ROW 1, 
KEY l.~Hold the key depressed while you 
make the entry from two or more character keys 
in one column. The character keyboard will be 



conditioned automatically in the NUMERIC 
shift while this key is being held. 

The MULT PCH key prevents the advance 
that usually happens when you press a character 
key. If you press the MULT PCH key and do not 
press a character key, there is no advance when 
the key is released. 

CLEAR (CLEAR INTERLOCK)- ROW 3, 
KEY l.-Tliis key is pre:.sed to release a key- 
board interiock and to turn off the red interlock 
indicator light. When a keyboard interlock 
occurs the keyboard is inoperative and the red 
light just to the left of the NUMERIC key is lit 
in most cases. 

The causes of a keyboard interiock include: 

1 . an empty magazine or the failure of a card 
to feed from the magazine 

2. the misfeeding or jamming of a card in the 
read station 

3. an empty visible station in the automatic 
and manual modes 

4. the misfeeding or jamming of a card in the 
punch station 

5. a full output stacker 

When you know what caused the interlock 
and have corrected that cause, press the CLEAR 
key to make the keyboard again operative. 

In addition, the keyboard will lock and the 
interiock indicator will light, but no storage 
entry will occur if you press a character key, the 
space bar, or an operating control key: 

1 . when you are loading a program or data 

2. during the interval between cards (12.8 
milliseconds) while the card unage is being 
transferred from data input storage to data 
output storage 

3. if you attempt to start the entry for a new 
card before the first of two preceding cards is 
delivered to a stacker 

Pressing the CLEAR key is all that is neces- 
sary at this time. 

i>^UMi£RIC (UPPER CASE) SHIFT-ROW 4, 
KEY 1 ; ALPHA (LOWER CASE) SHIFT-ROW 
4, KEY 12. -In the manual mode when the 



Chapter 3-CARD PUNCHES AND VERIFIERS 



NUMERIC key is pressed, the codes related to 
the cliaracters printed on the upper half ot the 
character keys v/ill be entered into data storage. 
Tlie green ALPHA indicator at the top of the 
keyboard is NOT lit. The keybank remains in 
the NUMERIC shift unt»: :he ALPHA key is 
pressed. Also in the ru <u'/.l mode when the 
ALPHA key is pressed, the codes related to the 
characters printed on the lower half of the 
character keys will be entered. The ALPHA 
indicator is lit. The keybank remains in the 
alpliabetic shift unti. the NUMERIC key is 
pressed. 

In the automatic mode, the character key- 
bank is always in the NUMERIC shift except for 
those columns that are programmed for ALPHA 
shift. The opposite sliift is obtained for a 
column by holding the desired shift key (NU- 
MERIC ©r ALPHA) pressed while making the 
character key entry. 

Indicators 

Four of the indicator lights are of interest to 
you in the keypunching use of a VP or VIP. 

INTERLOCK.-The red indicator to the left 
of row 4 in the keybank. This indicator turns on 
and remains lit when the keyboard is interlocked 
(inoperative). The CLEAR key releases the 
keyboard and turns off this indi'^ator. 

NON-MA rCH.-The yellow indicator to the 
left of row 2 in the keybank. When the stop 
right justify r programmed for a field, this 
indicator turns on and the keyboard interlocks if 
an attempt is made to enter an excess numSer of 
characters in that field. The CLEAR key rcicases 
the keyboard and turns off the indicator. 

PROGRAM 2. -The green indicator above 
row 1 in the keybank. This indicator remains lit 
as long as program 2 is in control. It is off for 
program 1 . This indicator will turn on regardless 
of whether program 2 control was obtained bv 
the setting of the program selection switch or by 
pressing the PROG ALT key. 

ALPHA. -The grer^. indicator at the top 
center of the keyboara. Tliis indicator is lit 



when the character keybank is in the ALPHA 
s!uft. It is off during the NUMERIC shift. 

The red indicator to the left of row 2 operates 
only during the verifying use of a VP or VIP. 
The functions of this indicator and of the 
yellow, non-match, indicator are explained later 
on when verifying is discussed. 

PROGRAM CODES 

Program storage will hold two different pro- 
grams, called program 1 and program 2. Both 
programs have the same abiUty to control the 
operation. Program items include: field defini- 
tion, skipping, duplicating, and shifting, which 
are basically the same as discussed with the IBM 
machines. 

When ' nly one program is needed for the job, 
either pi gram 1 or program 2 can be used. The 
program selection switch would be set for that 
program. When two programs are needed to 
control one job, both programs are punched in 
one program card so that they both enter 
program storage at the same time. You would 
then usually make the selection of the program 
you want at any instant by pressing the PROG 
ALT key. 

VP Program Codes 

The VP program codes for keypunching arc 
shown in the unshaded part of figure 3-5. The 
figures in parentheses are for program 2 codes. 
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Figura 3-5.-VP kfy pwichifig pragram eodM. 
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CODE 1 2 (4). Field dcfmition. 

CODE 11 (5). -Start skip. All of the columns 
skipped are erased to the space code (made 
blank). 

CODE 1 (7). Alpha shift. 

CODE 12-1 l-I (4-5-7).-Stop right justify. 
This code holds the column indicator and 
storage entry in ihe units (last) column of a right 
justified field until an RJ key is pressed. It 
functions only in the automatic mode. 

The stop right justify will NOT stop the 
advance at the units column of a field if the 
advance is obtained by the use of either the 
SKIP. DUP, or COL DUP key. 

CODE OF BLANK. -Numeric shift. 
Right Justify 

For right justifying in a field when key- 
punching in either the manual or automatic 
mode, all of the programming required is field 
definition in all columns of that field except the 
first column. 

You will notice that figure 3-5 has a code of 
1 1-1 (5-7) for the first column to start right 
justification. This code is, however, insignificant 
when keypunching. Only the digits needed are 
entered from the keyboard. It is the +RJ or the 
-RJ key that cau^s the digits to be shifted to 
the far right- NOT program coding. 

In addition in the automatic mode however, 
you have the option of using the stop right 
justify code in the last column of the field. 

When stop right justify is used, you cannot 
advance out of that field until an RJ key is 
pressed. Whenever possible, you should use the 
stop right justify; no keystrokes or time are 
saved by not using it. It gives uniformity of 
operation and provides you with an automatic 
warning of an error. 

OPERATION 

This section tells you how to do some of the 
operations required of you as a VP or VIP key 
punch operator. This is not necessarily the exact 
way these operations must be done by you at all 



times. You may find a better way to do the job, 
or a different method may be needed. Your 
supervisor is the final authority. 

With the many abilities of the verifying punch 
and the verifying interpreting punch, you can 
find the best way to do any job if you know 
your machine well enough. 



Setup Procedures 

At the start of a key punching operation, here 
is a suggested series of steps to be followed: 

1. Load the magazine with a supply of the 
cards to be punched. 

2. turn on the power by pressing in on the 
upper half of the power switch. 

3. Set the punch-verify switch at PUNCH. 

4. Set the PRINT switch of a VIP at PRINT 
if the cards are to be printed. 

5. Set the PROGRAM SELECTION switch at 
PROG 1 or PROG 2. 

6. If right justify is to be used, set the 
RIGHT JUSTIFY FILL switch at ZERO FILL 
or BLANK FILL. 

7. To enter the program, set the machine in 
program mode, insert the program card in the 
auxiliary input and press the FEED key. Re- 
moval of the program card from the select 
stacker for immediate placement in your rile is 
recommended. 

8. Clear data input storage by setting the 
machine in the manual mode and pressing the 
SKIP key twice. This clears the program from 
the data input storage. 

9. Enter any constant data. This is the data 
to be duplicated in one or more of the batches 
or groups of cards. There are several methods of 
entry. 

a. Master Card Entry. Set the machine in 
the load data mode, insert the master card in the 
auxiliary input and press the FEED key. 

b. Keyboard (Manual) Entry. Set in the 
manual mode and enter the data in the proper 
columns by means of the character keys. 

To be sure the entry you made is right, press 
the FEED key to feed a blank card from the 
magazine, press the CLEAR key to remove a 
keyboard interiock, press the FEED key again to 
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punch the cavd, and to deliver it to the output 
stacker. Remove the card and check it. 

If you find a mistake; just go to the column in 
enor, press the right character key, press the 
FEED key again so that you get another card to 
check to be sure you arc now right. 

c. Master Card .ind Manual Entry. You 
may need to add to the data entered trom a 
master card or make some change to that data. 
If so, use procedure 9a to make the master card 
entry. Then use the COL DUP key to index the 
column indicator to the first column of the 
added or changed entry. NEVER use the space 
bar to make this advance; you will erase data 
entered from the master card. Check the com- 
pleted entry. (See 9b). 

10. Set the mode of operation (automatic or 
manual) to be used for the key punching. If 
there is no card in the visible station, press the 
FEED key to feed a card from the magazine. 
Press the CLEAR key to release any keyboard 
interlock. 
The VP or VIP is ready for operation. 

REMAKING DAMAGED CARDS 

You will be called on at times to interrupt 
your regular work to remake cards damaged 
during processing by other machines. If the card 
is in one piece and not severly torn, straighten it 
out as well as you can and then: 

1. Leave the supply of cards for your regular 
work in the input magazine. 

2. Enter the data from the damaged card 
automatically as follows: 

a. Set in the load data mode. 

b. Insert the damaged card in the auxiliary 
input. 

c. Press the FEED key. The damaged card 
is read and fed to the select stacker. 

d. Remove the damaged card and the 
blank card from the select stacker. 

e. Set in the manual mode. 

f. Insert a blank card in the auxiliary 
input. If the blank card from the select stacker is 
the same card form as the dam^^ed card, use it. 

g. Press the FEED key once to feed the 
blank card from the auxiliary input to the visible 
station. 



h. Press the CLEAR key to release the 
keyboard interlock which happens because no 
card is fed from the visible station to the output 
stacker. 

i. Press the FEED key again. Tlie blank 
card is punched and fed to the output stacker. A 
card feeds from the magazine to the visible 
station. 

3. Check the remade card by removing the 
remade card from the output stacker and com- 
paring it with the damaged card. If the damage 
to the card caused misreading, correct the setup 
and punch a new card as follows: 

a. Set in the manual mode. 

b. With the marked incorrect card as your 
guide, index the column indicator to where the 
correction is to be made and enter the proper 
data. Remember to use the COL DUP key for 
this advance rather than the space bar so as not 
to erase the correct portion of the setup. 

c. Insert the proper card form in the 
auxiliary input. 

d. Press the FEED key to feed that card to 
the visible station. 

e. Press the CLEAR key to release the 
keyboard interlock caused by no card feeding 
from the visible station to the output stacker. 

f. Press the FEED key again. The blank 
card is punched and fed to the output stacker. A 
card feeds from the magazine to the visible 
station. 

4. Return to your regular work. If you were 
duplicating part of the data, you can restore that 
setup. 

Set the machine in the load data mode and 
take the last punched card of your regular work 
from the output stacker. Insert it in the auxili- 
ary input and press the FEED key. The punched 
card is read and fed to the selo^ stacker 
together with the blank card in we visible 
station at that time. 

Return the punched card to its place in the 
output stacker. Insert the blank card in the 
auxiliary input and press the FEED key to feed 
that card to the visible station. Press the CLEAR 
key to release the keyboard interiock. 

If the card is not in one piece or it is badly 
torn, the procedure is the same as that you just 
read with the exception of paragraphs 2 and 3. 
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Instead, you will set the machine in the manual 
mode and enter the entire setup from the 
damaged card manually from the keyboard. 

If the card form is the same as that of the 
blank card already in the visible station, press 
the FEED key to punch and deliver that card to 
the output stacker. If the card form differs from 
that in the visible station, insert the proper 
blank form in the auxiliary input. Press the 
FEED key twice to punch and deliver that card 
to the output stacker. 



VERIFIER INTRODUCTION 

With your basic knowledge of the machine, 
you only need to learn how the individual 
features apply to verifying, or more to the point, 
how these features apply to the one-pass UNI- 
VAC card verifying method. 

In the traditional methods of punched-card 
verifying, three steps are used: 

1. The cards are punched from the docu- 
ments by one operator. 

2. All or part of the punching in these cards 
is verified by a second operator. This operator 
notes the errors detected. 

3. A third operator corrects the errors. 

With the UNIVAC card verifying method, 
because the VP or VIP is both a key punch and a 
verifier, the card verifying and correcting are 
performed in one pass of the oards through the 
machine. 

As a punched card fed from the magazine 
passes through the read station on its way to the 
visible station, all of the punching in that card is 
read to enter a complete image of that card in 
the data input storage. With the card at the 
visible station, the manual verifying of that card 
is performed by a comparison of the stored 
image to the data entered from the keyboard. 

If no error is found, the card is identified as 
••OK" and fed to the output stacker. When you 
discover an error in the image, the verifier 
automatically becomes a key punch to allow 
you to conect that column of storage. When 
that column is corrected, the machine i^gain 
becomes a verifier automatically to allow you to 
continue verifying the rest of the card. 
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With the verifying of a "CORRECTED** card 
completed, the machine again becomes a key 
punch automatically. A blank card is fed from 
the auxiliary input. This card is punched with 
the corrected image and identified as "COR- 
RECTED.** It is then fed to the output stacker 
while the original card is segregated into the 
select stacker as an error card. The machine 
again becomes a verifier automatically for the 
next card fed from the magazine. 



VERIFYING OPERATIONS 

With the card at the visible station and its 
image in storage, individual columns and fields 
of that image are subject to one of the following 
four operations: 

Manual Verifying 

This operation is used' for the information 
that varies from one card to the next. 

Duplicate Verifying 

This operation is used to determine if the 
information in a field of the current card is the 
same as it was in the preceding card. 

Bypassing 

This operation is used for fields NOT to be 
verified. 

Skipping 

This operation is used to verify fields that 
should be blank. ' 



EXTERNAL FEATURES 

The external features do not change in 
appearance simply by changing a switch setting. 
Some of the features do, however, change in 
their influence on operations. Only the few 
features directly related to verifying that differ 
from keypunching will be discussed in the 
following paragraphs. 
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Auxiliary Input 

In addition to its use wiien entering a program 
or constant data, the auxiliary input has a very 
important function during verifying. 

When a correction has been made to one or 
more columns of the stored image of the card 
being verified, a card feeding cycle cannot be 
taken when the verifying of t'tat card is com- 
pleted until a blank card is inserted in the 
auxiliary input. 

At this time, a blank card is inserted in the 
auxiliary input and the FEED key is pressed; 
two automatic cycles then take place. Tlie 
original card is fed from the visible station to the 
select stacker as ari ERROR card. 

The blank card from the auxiliary input is 
punched with the corrected setup and delivered 
to the output stacker as a CORRECTED card. 
The next card to be verified is fed to the visible 
station from the magazine. 

Read Station 

The read station is active automatically when 
verifying. As a card to be verified is fed through 
the read station on its way from the magazine, 
each of the 80 columns of the card is read. The 
contents (punched and blank positions) of the 
card column are compared with the setup 
remaining in the same data input storage column 
from the previous card. If they differ, an 
electronic NON-MATCH MARK is entered into 
the related column of data output storage. The 
contents of that column of the card are then 
entered hi to the related column of data input 
storage to replace the okl setup. 

Punch Station 

The OK verified cards and the corrected cards 
aie identified by punching in the left mai:gin as 
they are fed into the punch station. See fig. 3-6. 

The OK punching is in two positions, posi- 
tions 0 and 1 . A card receives this identifying 
punching after the entire card has been verified 
as correct through column 80, and the card is 
fed from the visible station by means of the 
FEED key in the manual mode or by the 
automatic feed in the automatic mode. 




OK PUNCHED CORRECTED PUNCHED 

49.378 

Figuro 3-6.-VP and VIP verified punches. 

The CORRECTED puncliing is in but one 
position, position 1 . A card receives this identi- 
fying puncliing after the original card has been 
completely verified through column 80 with 
correction made to the setup, and the card to be 
punched with the corrected data is fed from the 
auxiliary input. 

An error card does not receive any identifying 
punching in its left margin. An error card is 
either the original card for which the setup was 
corrected or a card fed from the visible station 
by pressing the EJECT key. 

Stackers 

The OK and corrected cards are delivered to 
the output stacker. The error cards are segrega- 
ted into the select stacker. 

Function Control Switches 

The function control switches control oper- 
ations the same as was stated under keypunching 
except as noted in the following paragraphs. 

PUNCH-VERIFV SWITCH. -Set the PUNCH- 
VERIFY switch at VERIFY. The VP or VIP will 
function as a verifier. 

RIGHT JUSTIFY FILL SWlTCH.-lf one or 
more of the fields in the cards to be verified 
have been right justified during key punching, 



ERIC 



DATA PROCESSING TECHNICIAN 3&2 



make the same setting ot^ this switch as was used 
during the key punching. 

The setting of this switch determines whether 
a zero or a blank comparison will be made in the 
columns to the left of the first significant 
character in each field. 

Operating Control Keys 

Again, only those control keys that differ in 
verifying plus those unique to verifying are 
covered. 

FEED-ROW 2, KEY 11. -The FEED key 
does not operate while a card is being verified. A 
card feeding cycle can only be taken when all 80 
columns of the card have been verified by one or 
a combination of the four verifying operations 
(manual verifying, duplicate verifying, by- 
pa.^sing, and skipping). 

For an OK card (no correction made) the 
FEED key becomes operative in the manual 
mode and is used. In the automatic mode, the 
automatic feed causes the card feeding cycle. 

For a corrected card, no card feeding cycle 
can take place unless a blank card iS inserted in 
the auxiliary input. This is to insure the punch- 
ing of a new card with the correct>jd data. The 
FEED key is used at this time. 

DUP (DUPUCATE)-ROW 1, KEY 7.-lf a 
non-match mark is found when the r>UP key is 
prcs.sed or during the advance, the advance is 
stopped on that column and the non-match 
indicator is ON. After making any necessary 
correction, the advance is resumed by pressing 
the DUP key. 

SKIP-ROW 3, KEY 11. -On each column 
skipped, a space code (blank) is generated for 
comparison with the contents of the storage 
column. If anything other than a blank storage 
column is met during the skip, the operation 
stops on that column with the non*match 
indicator lit. 

After making any necessary correction, the 
skip is resumed by again pressing the SKIP key. 

+RJ (RIGHT JUSTIFY, POSITIVE)-ROW 2, 
KEY 12; -RJ (RIGHT JUSTIFY, NEGA- 
TlVE)-ROW 1,KEY 12. -The only function of 



the RJ keys during verifying is to allow you to 
check for the presence or absence of punching in 
position 1 1 of the last column of a field right 
justified. 

CORR (CORRECTION)- ROW 3, KEY 
13. -This key can be used to correct a column or 
field of data storage. Pressing the CORR key on 
the first column of a field or any column within 
a field will permit storage entry from the 
keyboard with a character key or the space bar . 
(punch function) into that column of data 
storage. This ability to enter storage will con- 
tinue in effect through the last column of that 
field if field definition for the field is present in 
the program. After the last column of the field, 
the ability to enter storage ends. The machine 
changes back automatically to the verify func- 
tion of comparing. 

If there is no field definition for a column or 
field, the CORR key must be pressed before 
making a correction in any one column. 

Pressing the CORR key turns on the red error 
indicator. This indicator will stay lit as long as 
the correction ability remains in effect. 

Use of this key at any time when verifying a 
card will label that card as error and its image in 
storage as corrected. The new card punched 
from that image will be CORRECTED punched. 

HOME-ROW 3, KEY 12.-If the yeUow 
non-match indicator only is lit, the HOME key 
does not operate. 

COL DUP (COLUMN DUPLICATE)-ROW 4, 
KEY 1 1. -If there is a non-match mark in a 
storage column on which this key is pressed, the 
advance will stop at that column and the 
non-match indicator will light. 

CLEAR (CLEAR INTERLOCK)-ROW 3, 
KEY l.-This key will be discussed in the error 
procedures. 



Indicators 

All five of the indicator lights function in the 
verifying use of a VP or VIP. The red INTER- 
LOCK, the green ALPHA, and the green PRO- 
GRAM 2 indicators serve the same purpose and 



82 



ERIC 



Chapter 3-CARD PUNCHES AND VERIFIl-RS 



function in the same manner when verifying as 
they do when keypunching. 

NON-MATCH. -The yellow indicator to the 
left of row 2 of the keybank. This indicator 
turns on when a non-match is created on a card 
column during verifying or when a non-match 
mark is found. The keyboard will be interlocked 
at this time. The indicator will turn off and the 
interlock will release when the CLEAR key is 
pressed. 

When only the non-match indicator is lit, the 
BJliCT key can perform its function and also 
turn off this indicator. 

HRROR. The red indicator to the left of row 
2 of the keybank. This indicator turns on with 
the non-match indicator during verifying when 
the second try at creating a match on a card 
column results in a non-match. It turns off 
automatically when the storage entry (cor- 
rection) is made. 

Pressing the CORR key turns on the error 
indicator. As long as the error indicator is lit, 
storage entry from a character key or the space 
bar can be made. An advance is obtained at this 
time only by pressing a character key or the 
space bar. 

W>6n both the non-match and error indica- 
tors are lit or only the error indicator is lit: 

1. The liJECT key can perform its function 
and also turn off the indicators. 

2. The backspace key can perform its func- 
tion and also turn off the indicators. 

3. The HOME key can perform its function, 
but the indicators will not turn off. 

VP PROGRAM CODES 

The VP program codes for verifying are 
shown in the unshaded part of the VP program 
code chart in figure 3-7. 

The program codes for field definition, start 
duplicate, alphabetic and numeric shift are the 
same for verifying as for keypunching. The 
following codes discussed are specifically for 
verifying operations. 

CODE II (5) START BYPASS. -Bypassing 
is used lor tho.se columns or fields not to be 



CODES 


WHERE PUNCHED 
IN A 

PROGRAM CARD 
FIELD 


FUNCTION 


PROG 
1 


PROG 

Z 






12 


4 


EXCEPT FIRST 




FIELD 
DEFINITION 


11 


5 


FIRST COLUMN ONLY 




START BYPASS 


0 


6 


FIRST COLUMN ONLY 


IS 


START 
DUPLICATE 


1 


— V 


EACH COLUMN 
REQUIRED 




ALPHA SHIFT 


2 


a 


EACH COLUMN 
REQUIRED 




11/12 VERIFY 
ELIMINATION 


ll-l 


5-7 


FIRSTCOLUMNONLY 




START RIGHT 
JUSTIFY 




4-5-7 


LAST COLUMN ONLY 




STOP RIGHT 
JUSTIFY 
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Figure 3-7.-VP verifying program codes. 

verified. Bypassing can only be started automati- 
cally by this program code; it cannot be started 
by an operating control key. Once started, field 
definition continues the operation. In the col- 
umns bypassed, no comparisons are made and 
any non-match marks are disregarded. 

The programmed operation of bypassing 
should not be confused with skipping. Skipping 
may be started in any field by pressing the SKIP 
key. During the advance of skipping, an auto- 
matic comparison is made for space codes (blank 
columns). If other than a space is found, the 
non-match indicator lights up, 

CODE 2 (8)^11/12 VERIFY ELIMINA- 
JION.-This code functions in both the auto- 
matic and manual modes. 

When a column contains code 2 (8) in its 
program, any punching in positions 11 or 12 or 
in both of these positions does not have to be 
verified. It is only necessary to verify the 
punching in positions 0-9 of the columiu This 
would usually be a number. 

Each column that may contain a position 1 1 
or 12 punch that is not to be verified must 
contain code 2 (8) in the same column of the 
program. 

If you verify po,sition II or 1 2 in a column 
programmed with this code, a non-match will 
result if you try a different position ( 1 1 or I 2) 
from that punched. If the attempt was an 
accident, all you have to do is press CLEAR and 
verify the code in positions 0-9 only. 
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CODE 11-1 (5-7)-START RIGHT JUSTIFY; 
CODE 12-11-1 (4-5-7)-STOP RIGHT 
JUSTIFY. -These codes perform their purpose 
only in the automatic mode. For the verifying of 
a right justified field, the columns of the 
program for that field should contain the 
following: 

Code 11-1 (5-7). -Start Right Justify, in the 
first column to start the automatic zero or blank 
comparison. 

Code 12 (4). -Field Definition, in all columns 
except the first to continue the zero or blank 
comparison once it has been started. 

Code 12-1 1-1 (4.5-7).-Stop Right Justify, in 
the last column no stop the advance for the 
verification of position 1 1 with the +RJ or - RJ 
key. This code is not used if tliis verification is 
not required. 

The stop right justify will not stop the 
advance at the units column of a field if the 
advance is obt.'dned by the use of the SKIP, 
DUP,orCOLDUP key. 

With a full field, the manual verifying starts 
with the first column and continues through the 
last column. At that time if the stop right justify 
is programmed, the RJ keys are used to verify 
position 1 1 . 

SETUP PROCEDURES 

The following eight steps will allow you to 
property set up the VP or VIP for verifier 
operations: 

1 . Load the magazine with the supply of the 
cards to be verified. 

2. Turn on the power by pressing in on the 
upper half of the power switch. 

3. Set the PUNCH-VERIFY switch at VER- 
IFY. Set the PRINT switch of a VIP at PRINT if 
the cards are to be printed. 

4. Set the PROGRAM SELECTION switch at 
PROG 1 or PROG 2. 

5. If the right justify is to be used, set the 
RIGHT JUSTIFY FIL?- switch at ZERO FILL 
ox BLANK FILL. 

6. To enter the program set the machine in 
the program mode, insert the program card in 
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the auxiliary input and press the FEED key. 

7. Enter any constant data to be duplicate 
verified. Constant data means those columns or 
fields where the punching is exactly the same in 
all cards for a batch. These are the columns or 
fields programmed to be duplicate verified auto- 
matically with program code 0 (6). 

The procedure depends on the method to be 
used for entering the data, automatically from a 
master card or manually from the keyboard. 

a. If you are provided with the pre- 
punched cards (master cards) used to enter this 
data during keypunching, set the machine in the 
load data mode, insert the master card in the 
auxiliary input and press the FEED key. 

b. For keyboard (manual) entry, set the 
PUNCH-VERIFY switch to PUNCH and set the 
machine in the manual mode. Next, press the 
SKIP key twice to clear the data input storage. 
Enter the data in the proper columns by means 
of the character keys and reset the PUNCH- 
VERIFY switch to VERIFY. 

8. Set the mode of operation (automatic or 
manual) to be used for verifying. Press the 
FEED key to feed the first card to be verified 
from the magazine. Press the CLEAR key to 
release any keyboard interlock. 

ERROR PROCEDURES 

The VP and VIP offer two means of making 
corrections during the one-pass UNIVAC card 
verifying method; these can be called automatic 
and manual. 

Automatic Correction 

This is a correction made as the result of a 
non-match with the use of the CLEAR key. 
During the verifying of a card, you are checking 
the infonnation as you read it from the original 
document against the way it was read by the 
operator who punched that card. 

As long as you are in agreement, you will 
advance through the card image without inter- 
ruption. When you do not agree at a column, the 
advance will stop with the yellow non>match 
indicator lit. 

At this point the CLEAR key will be 
discussed, as it relates almost entirely to error 
conditions. 
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CLEAR (CLEAR 1NTERL0CK)-R0W 3, 
KEY L-When a non-match is created or a 
non-match mark is sensed, the non-match indica- 
tor lights and the keyboard interlocks. This 
procedure is then used: 

1. The CLEAR key is pressed to turn off the 
non-match indicator and release the interlock. 
An attempt is then made to reach a match by 
pressing the proper character key or the space 
bar. 

2. If a non-match results, the CLEAR key is 
again pressed to allow a second try. If a match 
results on either the first or second attempt, the 
storage indexing will advance. 

3. If a non-match is again created on the 
second try. both the non-match indicator and 
the red error indicator to its right will light. 

4. At this time, the VP or VIP is conditioned 
automatically to allow storage entry from the 
keyboard (punch function). The proper charac- 
ter key is pressed to correct the setup in that 
column of storage. Both indicators will turn off, 
the storage indexing will advance to the next 
column and the verifying function of comparing 
will resume. 

If an error occurs in the last column of a 
negative right justified field when the stop right 
justify is used, the MULT PCH key is held 
depressed while the "11" key and the proper 
character key are pressed. The -RJ key is then 
used to advance to the next column. 

NOTE: If a correction is made to the digit in 
the units column of a field right justified, the 
entry (if any) in position 1 1 of that column will 
be erased. At that time, the correct character 
key is pressed followed by a depression of the 
proper RJ (+ or - ) key to complete the entry in 
the units column and to advance to the next 
column. That is, because position 1 1 is erased 
but is actually supposed to be there, the *RJ 
key must be depressed after the proper numeric 
character key has been depressed. 

This stop action will happen only if the units 
position has been programmed with stop right 
justify; otherwise, once the character key has 
been depressed, the column indicator will 
advance out of the units position. 



If you are not certain of what the proper 
entry should be, you can press the EJECT key 
to segregate the card so that the correct entry 
can be determined later. Press the FEED key so 
that the verifying can continue with the next 
card. 

Manual Correction 

This is a correction made by using the CORR 
(correction) key. 

UNIVAC 1710 VIP 

The important difference between the VP and 
the VIP is the ability of the VIP to print. As the 
keypunch and verify operations are accom- 
plished by the VIP the same as previously de- 
scribed for the VP, only the print feature will 
be discussed. 

Printing may occur during keypunch or veri- 
fier operations. It may also occur with a special 
operation called interpreting. Interpreting will 
be discussed at the end of this section on the 
VIP. 

PRINT STATION (VIP) 

The print station is just to the left of the 
visible station. As many as 80 characters can be 
printed in a row between the 12 position and 
the top edge of the card. Each chari' is 
printed above a card column and is for the 
punched in that column. 

The printing occurs as the card is fed from the 
visible station through the print and punch 
stations to the stackers. The characters printed 
are from the information in data output storage. 
The information in data input storage is trans- 
ferred to data output storage at the time a card 
is fed from the visible station. 

The printing is done by a constantly rotating 
type wheel located in front of the card. When 
the proper character is opposite the card, a 
hammer located back of the card is fired to 
cause the printing of that character. 

An inking roll, mounted in front of the type 
wheel, keeps the rotating type wheel supplied 
with the ink necessary for the printing. 
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Pt^l^ : CON I KOL SWITCH 

The PRINT control switcli is located at the 
top or the keyboard just to the left of the 
PUNCH VHRIFY control switch.. With the 
PRINT switch ofl. no printing will occur, 
regardless of your mode ot operation. 

With the PRINT switch on and in the manual 
mode, each character in storage that is punched 
is also printed. With the switch on and in the 
automatic mode, printing will occur as con- 
trolled hy the program codes. 

VIP KEYPUNCHING 

The VIP keypuncliing operation differs from 
the VP mainly by the required use of additional 
program codes to control tlie printing feature. 
These codes will only control the operations 
involving printing if the VIP is in the automatic 
mode and the PRINT control switch is on. 



VIP Program Codes for Keypunching 

The VIP program codes for keypunching are 
shown in the unshaded part of the VIP program 
code chart (figure 3-8.) The basic codes: field 
definition, start skip, start duplicate, alphabetic 
shift, numeric shift and stop right justify do the 
same thing in a VIP program as they do with a 
VP program. 

CODE I 1 {5)-START SKIP AND 
NON-PRINT: CODE I lO (5-8)-^ START SKIP 
AND PRINT.^-AIthough any column skipped 
would be blank anyway, the difference in the 
print editing part of these two codes allows for a 
two program (basic and alternate) application 
where the PROG ALT key is used to switch 
programs. 

When the columns to be skipped in the basic 
program are to be punched in the alternate 
program, you would make a choice in the basic 
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CODES 


WHERE PUNCHED 
IN A 


FUNCTION 


PROG 
1 


PROG 
2 


PROGRAM CARD 
FIELD 


KEY PUNCHING 
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EXCEPT |IRST 
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NON-PRINT 










FIRSTCOLUMNONLY 


START DUPLICATE 






0 


6 






1 


7 


EACH COLUMN 
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START SUPPRESS 
LEFT ZERO PRINT 
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mmmm 




3 


9 


FIRST COLUMN FOL*^ 
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Figure 3-8.-ViP keypunching program codts. 
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program between code 11 (S), non-print, and 
code 11-2 (5-8), print, according to whether 
those columns of the card for the alternate 
program are to be printed or not* 

CODE 2 (8)-START SUPPRESS LEFT 
ZERO PRINT OR 11/12 PRINT ELIMINA- 
TION.-In the automatic mode, this code can 
serve either one of two purposes: 

Start Suppress Left Zero Print«-In many 
cases, especially quantity and amount fields, 
2:eros will be punched to the left of the most 
significant character in the field. This will 
happen automatically when right justify with 
zero fill is used. When printing, however, only 
the significant characters are to print, not the 
zeros to the left. Like this: 

Punch 0 0 0 1 2 8 

Print A 12 8 

Code 2 (8) 1 

To do this, the first column of the field has 
code 2 (8) in the program. When the first 
column is zero and for each zero column 
immediately following, there will be no zero 
printing. When a column does contain a code 
other than zero, printing resumes even for 
following zeros* 

When code 2 (8) is used in a two program 
(basic and alternate) application where the 
PROG ALT key is used to switch programs, the 
code in the basic program controls print editing 
for both programs. That is when code 2 (8) is 
specified in the first column of a field in the 
basic program, it will act as start suppress left 
zero print when the basic program is in effect. It 
will act as start suppress left zero print if that 
same column of the alternate program is also 
specified as the first column of a Held. 

If that column of the alternate program is not 
the first column of a field but is punched with a 
zero in a card related to the alternate program, 
left zero print suppression will start and con* 
tinue for all following columns punched with 
zeros in that field of that card. 

If that column in a card related to either the 
basic program or the alternate program contains 



a code other than the zero only, code 2 (8) has 
no effect. 

11/12 Print Elimination.-There are times 
when either position IK position 12, or both 
positions 1 1 and 1 2 are punched in the same 
column as a numeric code (positions 0-9). 

This happens automatically when the - RJ key 
is used to enter position 1 1 in the units column 
of a field right justified. When printing, however, 
only the character for the code punched in 
positions 0-9 is to be printed. 

When code 2 (8) is specified in the basic 
program in any column of a field EXCEPT the 
first, it will perform 11/12 print elimination in 
that column of the cards related to both the 
basic and alternate programs. 

11 

Punch 0 0 0 1 2 0 

Print 0 0 0 12 0 

A 

Code 2 (8) J 



Code 2 (8) can be used for both of its 
purposes in one field. Again, right justify can be 
used as the example. 

11 

Punch 0 0 0 1 2 0 

Print \ z 0 

Code 2 (8) i ^ 

If an alphabetical or special character using 
the 1 1 or 1 2 position is punched in this column 
of the card related to the alternate program, the 
true character will not be printed. 

Code 2 (8) serves no function in the manual 
mode. 

CODE 3 (9)-START EARLY FEED AND 
NON-PRINT. -There are many applications 
when you will have entered all of the data 
necessary for the card punching at a column well 
before column 80 is reached. 
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In these cases, early feed should be pro- 
grammed for the column immediately after the 
column where the data entry ends. Then Just as 
soon as the last column of entry is made, a card 
feedinj cycle will start. This saves a skipping 
operation through column 80 to get the auto- 
matic feed or pressing the FEED key. 

The early feed operation should be kept in 
mind when planning a two program (basic and 
alternate) application where the PROG ALT key 
is to be used to switch programs and early feed 
is to be used. 

When you are preparing a program, there are 
times when more than one operation is to be 
performed on one column. The following charts 
in figure 3-9 show the program codes that may 
be combined for the VP and for the VIP. 

The combination of code 0 (6)-start dupli- 
cate and code 1 (7)-alphabetic shift in one 
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Figure 3-9.-VP and VIP program codt combinations. 



column is not valid for both the VP and VIP. If 
this 0 & 1 (6 & 7) combination is used, it will 
act as stop right justify. 

The combination of code 1 (7)-alphabetic 
shift and code 2 (8)-staTt suppress left zero 
print is not valid for a VIP. If thlsl & 2 (7 & 8) 
combination is used, it will act as early feed. 

A useful application of combining codes is 
illustrated in figure Z'lO and explained as 
follows for the basic program: 

Code 2 in column 56 starts left zero print 
suppression. 

Code 12 in columns 57-6\ continues this 
operation as well as the right justify. 

Code 12-11-1 in column 62-stop right 
justify. 

Code 2 m column 62 performs 11/12 print 
elimination for negative amounts to allow the 
code punched in positions 0-9 to print a 
numerical character. 

Program Selection Switch 

On the VIP, tlie setting of this switch deter- 
mines the program that will govern the printing 
(print edition), regardle^ of any use of the 
PROG ALT key. This has been previously 
explained under the specific VIP program con- 
trol codes. 

VIP VERIFYING 

The VIP differs from the VP in its operation 
only in its ability to print on corrected cards. 
Program codes for controlling the print are the 
same for verifying as they ait for keypunchimg 
except the word BYPASS replaces the word 
SKIP in the definition of the codes* functions. 
Figure 3-1 1 shows this more clearly. 

Print Station 

When the PRINT switch on the keyboard is 
set at PRINT, OK verified cards and blank cards 
punched with a corrected setup are printed as 
they pass through the print station. 

If a VIP was used for the original card 
punching, the printing would probably have 
been done at that time also. In this case, the 
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Figurt 3-10.-VIP combination programmiiv]. 



PRINT switch should be set off during verifying 
except when a corrected card must be punched. 

VIP INTERPRETING 

One of the uses of a UNIVAC verifying 
interpreting punch (VIP) is the interpreting of 
punched cards, interpreting is the continuous 
automatic feeding of punched cards so that the 
characters rehited to the codes punched in those 
cards will be printed along the top of the cards 
just above the 12 positions. The character 
printed above a card column is for the code 
entered into storage for that column. 



Interpreting is a veiy simple operation. After 
placing the punched cards to be interpreted in 
the input magazine, you press the.INTERPRET- 
START switch on the keyboard to start the 
automatic card feeding. As each caid is fed, all 
of the punching in that card is read for entry 
into data output storage as the card feeds 
through the read station to the visible station. 
The card is printed with the information in data 
output storage as it passes through the print 
station on its way from the visible station to the 
output stacker. 

Interpreting may be performed in either the 
automatic or manual mode. 
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PROG 
I 
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4-5-7 



WHERE PUNCHED 
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LUMNTOBEUSED 



FIRSTCOLUMNONLY 
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ELIMINATION 



START BYPASS 
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AND PRINT 



START RIGHT 
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STOP RIGHT 
JUSTIFY 





Figure 3*11. -VIP program oodo chart for vwifying« 
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In the automatic mode, the printing can be 
edited with such programmed operations as 
non-print, duplicate in interpreting, left zero 
print suppression, and 11/12 print elimination* 
The early feed can also be obtained. 

In the manual mode, the operation is not 
under program control. All information punched 
in a card will be printed without any editing. 

Duplicate interpreting 

Duplicate interpreting is a new term to you. 
With this operation, constant data can be 
entered into one or more fields of storage before 
starting an interpreting run. This data will then 
be printed on all of the cards instead of the data 
that may be punched in these fields of the 
individual cards* 

Duplicate interpreting prevents storage entry 
from the individual cards as they are read during 
interpreting. Any entry made into storage before 
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starting interpreting in the columns programmed 
for duplicate interpreting will be printed on all 
of the cards fed. The punching in the individual 
cards in those columns is disregarded. 

The columns or fields not programmed for 
duplicate interpreting are interpreted in their 
own right and subject to other means of 
programming. 

The data to be duplicate interpreted may be 
entered manually from the keyboard or auto- 
matically from a master card. 

IMPORTANT: If the entry is made manually 
from the keyboard, either the FEED or EJECT 
key must be pressed after making the entry to 
transfer the data to data output storage. 

If the constant data is to be printed in 
columns that are blank (unpunched) in the 
cards, it is still necessary to use duplicate 
interpreting. If it is not, the constant data 
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entered before starting interpreting will be 
erased by the spaw codes in those columns of 
the first card fed. 

Auxiliary Input 

The auxiliary input is used to enter a program 
or to enter constant data for duplicate inter- 
preting before starting an interpreting operation. 
It has no use while the operation is in progress. 

The duplicate interpreting operation prevents 
the data from the fields programmed for this 
operation from entering the data output storage. 

Visible Station 

At the start of an interpreting operation if 
there is no card in the visible station, the 
operation stops after the first card is fed from 
the magazine with the red keyboard interlock 
indicator lit. 

After pressing the CLEAR key, the operation 
is resumed by again pressing the INTERPRET- 
START switch. 

Print Station 

The PRINT switch on the keyboard must be 
set at PRINT for the print station to function 
during the interpreting. The characters printed 
are from the codes in data input storage. 

Punch Station 

The punch station does not function during 
interpreting. 

Function Control Switches 

PUNCH-VERIFY.-This switch is set at 
PUNCH. 

PRINT. -This switch is set at PRINT. 

INTERPRET-START.-This switch is pressed 
to start interpreting. If the operation is stopped 
for any reason during a run, the interpreting can 
only be resumed by pressing this START switch. 

It is to be noted that the FEED key becomes 
inoperative when the INTERPRET-START is 
pressed. The FEED key becomes active again 



when the last card feeds from the input maga- 
zine or when the card feeding is stepped with 
the INTERPRET-STOP. 

INTERPRET-STOP.-While interpreting is 
going on, you can stop the operation at any time 
by pressing this STOP switch. The operation is 
resumed by pressing the INTERPRET-START 
switch. 

INDICATORS 

Only the red interlock indicator functions 
when interpreting to indicate a keyboard inter- 
lock caused by card feeding. 

After correcting the reason for the keyboard 
interlock, the interpreting is resumed with two 
steps: 

1 . Press the CLEAR to release the keyboard 
interlock and to turn off the indicator. 

2. Press the INTERPRET-START to resume 
the operation. 

PROGRAM CODES 

The VIP program codes for interpreting are 
shown in the unshaded part of the VIP program 
code chart, (figure 3-12). 

CODE 12 (4).-FIELD DEFINITION.-This 
code serves the same purpose during interpreting 
as it does when keypunching and verifying to 
continue an operation once it has been started 
by a program code. Code 12-11-1 (4-5-7) also 
serves for field definition. 

CODE 11 (5)-START NON-PRINT.-No 
printing will occur when the storage is advanced 
into a column containing this code in the 
program. This non-printing is continued auto- 
matically for foUowmg columns by using field 
definition. 

CODE 11-2 (5-8)-START PRINT.-The 
printing of the characters related to the codes in 
storage happens automatically. This code serves 
no purpose when interpreting. 

CODE 0 (6)-START DUPLICATE.- 
Duplicate interpreting is used for those columns 
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Figura 3-1 2-- VIP program cocto chart for inttrpreting. 
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or fields where the punching in the cards is to be 
DISREGARDED. Information entered into 
storage prior to the start of the run is to be 
printed in place of what is actually in the card. 

A duplicate interpretmg operation starts auto- 
matically when the storage is advanced into a 
column containing code 0 (6) in the program. 
Once started, field definition continues the 
operation. 

For those columns or fields of duplicate 
interpreting, the constant information is entered 
before starting interpreting. This can be done 
manually in the manual mode from the key- 
board or automatically in the load data mode 
from a master card. 

Once the constant data has been entered, the 
function of the duplicate interpreting is to 
prevent any data punched in those columns or 
fields from entering the data output storage. 

CODE 2 (8)-START SUPPRESS LEFT 
ZERO PRINT OR 11/12 PRINT ELIMINA- 



ERIC 



TION.-This code serves either one of its two 
purposes during interpreting as it does when 
keypunching and verifying. The purposes of this 
code were indicated when the VIP program 
codes for keypunching were explained. 

CODE 3 (9)-START EARLY FEED.-When 
the last character to be printed for an inter- 
preting application is in a column to the left of 
column 80, the early feed should be pro- 
grammed for the column unmediately after the 
column where the printing is to end. 

Use of the early feed speeds the interpreting 
operation by ending reading and printing and 
starting feeding and ejecting at that point. 

VIP INTERPRETER SETUP 

The interpreting operation is the simple pro- 
cedure of continuous feeding and printing ci 
punched cards. The suggested procedure for 
performing this operation is as follows: 

92 



Chapter 3-CARD PUNCHES AND VERIFIERS 



1. Turn on the power by pressing in on the 
upper half of the POWER switch. 

2. Enter the program, if the interpreting is to 
be done in the automatic mode, set the machine 
in the program mode and insert the program 
card in the auxiliary input. Press the FEED key, 
remove the program card from the select stacker 
and set the program switch at PROG 1 or PROG 
2. 

3. Enter ail constant data to be duplicate 
interpreted. Constant data means those columns 
of fields where the printing is to be the same for 
all cards and the punching in those columns or 
fields is disregarded. These are the columns or 
fields programmed to be duplicate interpreted 
with program code 0 (6). 

The procedure depends on the method to be 
used for entering this data. This can be done 
automatically from a master card or manually 
from the keyboard. 

a. Master Card Entry-Set in the load data 
mode, insert the master card in the auxiliary 
input, and press the FEED key. Remove the 
master rard from the select stacker. 

b. Keyboard (Manual) Entry-Set the 
PUNCH-VERIFY switch at PUNCH. Set the 
PRINT switch at PRINT. Set in the manual 
mode. 

Press the SKIP key twice to clear the data 
storage. 

Enter the data in the proper columns by 
means of the character keys. 

To check the entry and to transfer the data to 
data output storage, insert a blank card in the 
auxiliary input; press the FEED key to print and 
punch the card with constant data entry; and 
remove the card from the select stacker ard be 
certain the entry is correct. 

4. Load the magazine with the supply of the 
cards to be interpreted. 

5. Set the FUNCTION CONTROL switches 
for the interpreting operation. 

The PRINT switch is set at PRINT. 
The PUNCH-VERIFY switch is set at 
PUNCH. 

The LOAD MODE switch is set at OFF. 



The OPERATING MODE switch is set at 
either AUTO or MANUAL. If a program has 
been entered, the AUTO setting would be made. 

The PROGRAM SELECTION switch is set at 
either PROG 1 or PROG 2 if the automatic 
mode is to be used. If the manual mode is being 
used, this switch setting is not important. 

6. To start the operation, press the INTER- 
PRET-START switch. If the visible station is 
empty at the start of operation, press the 
CLEAR key to remove the keyboard interlock 
which occurs when the first card is fed. Next, 
press the INTERPRET-START switch again to 
resume the operation. 

7. If you wish to stop the operation at any 
time during the run, press tlie INTERPRET- 
STOP switch. 

8. If the operation stops automatically during 
the run, determine and correct the reason for 
the stoppage. 

Press the CLEAR key if a keyboard interlock 
is in effect. 

Press the INTERPRET-START switch to 
resume the operation. 

9. At the end of the run, the last card from 
the magazine will have been printed and de- 
livered to the output stacker. 

MAINTENANCE ^ 

Except for VIP inking roll replacement and 
any future development of MRC, it is not 
recommended you do the maintenance. Nor- 
mally, your supervisor will designate a man for 
the maintenance and repair of the VP and VIP. 

Inking Roll Replacement 

Once installed, an inking roll is used until its 
supply of ink is exhausted. The used roll is then 
discarded and a new roll installed. 

When the inking roll needs to be replaced, 
you can do it quickly and easily. Refer to 
foldout 3-5C while following these steps: 

1. To remove the old roll, lift the roll and 
shaft from the mounting, remove the nut, drop 
the roll into a wastebasket or onto a piece of 
paper. 

93 



DATA PROCESSING TECHNICIAN 3 & 2 



2. To install the new roll, place the roll on 
the empty shaft, return and tighten the nut on 
the shaft. With the nut side to the right, merely 
drop the roll and shaft into the mounting slots. 
Check to see that the shaft is fully seated in the 
mounting slots. 

For your protection, when the access cover is 
raised, the electrical current to the motors in the 
machine is shut off. No internal movement can 



take place. When the access cover is fully closed^ 
this current is turned back on automatically. 

Always be sure to close the acc&.» cover 
tightly. If you do not, the machine will not 
operate. 

The grille in the top of the access cover allows 
free air circulation inside the machine. NEVER 
put anything on this cover. If you do, you will 
block the air circulation and cause the machine 
to overheat. 
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CHAPTER 4 

CARD SORTERS 



INTRODUCTION 

One of the basic requirements for preparing 
any type of report is that the documents to be 
used in the report must be in some sort of 
sequence. This may require rearranging the 
documents into a sequence other than that in 
which they are ordinarily maintained For 
instance, they may be arranged alphabetically by 
name field but need to be sorted into numerical 
sequence by social security number or vice versa. 
Or they may be filed in numerical sequence by 
one numeric field, but may be needed in a 
sequence determined by another field. 

They may have to be arranged in ascending 
sequence; that is, starting with the lowest 
control numbers or letters and proceeding to the 
highest. Or, they may have to be arranged in 
descending sequence, which means that the 
control numbers or letters must go from high to 
low. 

Such arranging is called SORTING. Manual 
sorting or arranging documents into numerical 
or alphabetic sequence is a tedious and time 
consuming operation. However, where punched 
card data processing systems are employed, the 
sorting of punched cards into any desired 
sequence can be performed easily and rapidly by 
high speed card sorting machines like the one 
shown in foldout 4-1 A. 

Card sorting is a simple operation, but it is 
important for you to know just what your sorter 
is capable of doing, and the proper sorting 
procedures to be followed, in order to make the 
most effective use of your sorting time. Skill can 
be attained only through practice and applica- 
tion of the best techniques to be used for a 
particular sorting operation. 

A brief description of the operations which 
may be performed on card sorters is presented in 
the following paragraphs. 



1. NUMERICAL SORTING. Cards may be 
arranged in numerical sequence by sorting each 
column in the control field. A control fleld can 
be any field common to all cards used in an 
operation to control the particular job being 
performed, such as social security number, job 
order number, or stock number. 

2. ALPHABETIC SORTING. Cards may be 
arranged in alphabetic sequence by multiple 
sorts per column. 

3. CONTROL SORTING. This is the oper- 
ation in which the sorting sequence is dependent 
upon two or more control fields, **within" 
simply means before. For example, consider a 
report arranged by name within an activity. 
Each field is referred to as a control group. In 
sorting for this report, you would first sort to 
name sequence and then to activity sequence. 

4. BLOCK SORTING. When the volume of 
cards is so laige that it would be too slow and 
impractical to complete all sorting before the 
cards are forwarded to the next processing step, 
considerable overall time can be saved by separa- 
ting the cards into blocks. Each block can then 
be sorted separately, and used for other job 
steps before all sorting has been completed. 
Because each block can be sorted separately, 
more than one sorter may be utilized to accom- 
plish large file sorting* 

5. SELECTIVE SORTING. Not all the cards 
in a nie need to be sorted, if only those cards 
with particular digits are to be used* Selection 
switches provide a means for selecting only 
those cards required without disturbing the 
sequence of the remainder of cards in the file. 

Learning Hint 

You may be required to operate sorters of 
different types. Since each type in common use 
has characteristics which differ from the others. 
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each will be discussed separately in this chapter. 
However, you will find that certain principles 
pertaining to one ty|H' will apply equally to the 
others. For example, a thorough understanding 
of the IBM type 83 sorting operations will help 
you to understand the operation of the IBM 
type 84. 

CARD SORTER. TYPE 83 

The IBM type 83 Card Sorter, illustrated in 
foldout 4-1 operates at a speed of 1000 cards 
per minute* Sorting is accomplished by placing a 
group of cards in the feed hopper, setting the 
sort brush on the desia'd column, and depressing 
the start key. Thirteen pockets receive the 
sorted cards; one pocket for each punching 
lx)sition and a reject pocket for cards that are 
not punched or are rejected for other error 
conditions during a sorting oiK'ration. 

Cards are placed in the card feed hopper face 
down, with the 9 edge toward the throat (entry 
to the feed mechanism) of the hopper. The 83 is 
a continual feeding machine, therefore, addi- 
tional cards may be placed in the hopper while 
the machine is operating, provided necessary 
care is exercised in doing so. 

FILE FEED 

A FILE FEED with a capacity of 3600 cards 
is an optional item but usually found on the 83 
sorter This is an extension of the normal card 
hopper and reduces card handling time by 
allowing more cards to be readied at one time. 
The file feed is equipped with an automatic card 
joggler (foldout 4-1 E). This device gives the 
cards a final joggling just before dropping the 
cards into the regular hopper 

A card weight must be placed on top of the 
cards in the file feed. When there are only 
enough cards to fill the hopper, the card weight 
provides the necessary weight for proper card 
feeding. Without this weight a card jam may 
occur* 

CARD READING 

Cards leave the hopper, pass througli the 
throat of the machine and move through the 
read station. This station %)nsists of a movable 
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reading brush (foldout 4*1C) and a contact 
roller. Electrical contact is made between the 
brush and the roller whenever the;e is a punch 
present in the column being sorted. 

The column desired for sorting can be selected 
by use of the COLUMN SELECTOR KNOB. 
A clockwise rotation will raise the brush and 
advance the brush (column 5 to 6, etc.) one 
column. The » (^lUMN INDICATOR on the sort 
brush assembly indicates the column the brush is 
{positioned on for reading. 

A counter clockwise movement of the column 
selector knob w'P raise and retreat the column 
indicator and brush one column. 

The brush can be moved more than one 
column at a time. Tuni the column selector 
knob either way until the brush is at its most 
raised position. Push down and back on the 
FINGER LEVER of tne column indicator. Slide 
the brush to whatever column you desire. 
Release the finger lever and lower the brush with 
the selection knob. 

CHUTE BLADES 

Once read by the brush, a SELECTOR PIN 
(foldcut 4-1 D) is activated to separate parallel 
metal strands. These metal strands arc called 
CHUTE BLADES. 

The chute blades are controlled by 1 2 selector 
pins, with each pin centered above the exposed 
portion of its corresponding chute blade tab. 
When a punched hole is sensed, a magnetic 
armature is attracted, which in turn pushes 
down the appropriate selector pin and separates 
the chute blades. The card* is then transported 
by the carrier rollers between opened chute 
blades to the appropriate pocket. If an un- 
punched card is fed into the machine, the card 
acts as an insulator preventing the brush from 
making contact with the roller. The card then 
passes under all chute blades and falls into the 
reject pocket. 

POCKETS 

There are 1 3 pockets to which the cards may 
be directed. They are usually labeled from left 
to right with one pocket for each digit (9-12). 
The extreme right hand pocket is called the 
REJECT pocket. 
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The 1 through 9 pockets will receive cards 
according to the numeric punch in a column. 
The 0, 11, 12 and reject pockets receive cards 
according to the setting ot the SORT SELEC- 
TION SWITCH and the EDIT or EDIT STOP 
SWITCHES. 

SORT SELECTION SWITCH 

The sort selection switch (foldout 4-1 B) is 
provided to alter the punch detection during 
reading. This switch may be rotated to any one 
of tlve positions to control the particular sorting 
operation involved. The function of each switch 
Si^tting is illustrated in figure 4-1 and described 
in the following paragraphs. 

N. (Numerical.) Cards are sorted on the first 
punch read, and blanks are rejected. Double- 
punched cards are rejected as errors if either the 
edit switch or edit stop switch is ON. 

Z. (ZONE.) Cards are sorted on zone punches 
only. Cards without a zone punch are rejected. 
Any card with more than one zone punch is 
rejected as an error if either the edit switch or 
edit stop switch is ON. 

A-l. (Alphabetic Sort I.) Cards punched with 
a digit and a 1 2 zone (A through I) are sorted on 



the digits I through 9. Cards punched with an 
1 1 zone sort into the 1 1 pocket, and zero zones 
sort into the zero pocket. Blank cards, and cards 
punched with only a digit or a single 12-punch 
are rejected. Cards with multiple digit or zone 
punches arc rejected as errors if either the edit 
switch or edit stop switch is ON. 

A-2. (Alphabetic Sort 2.) dlards punched with 
a zero or 1 1 zone are sorted on the digits. 
Blanks, cards with a zero or 1 1 zone only, cards 
with digits only, and cards with letters A 
through I are rejected. Multiple digit or zone 
punches are rejected as errors if the edit or edit 
stop switch is ON. 

A-N. (Alpha-Numerical.) Cards containing 
digits 0 through 9, but no zone, are sorted into 
their respective pockets. Zone and blank cards 
are rejected. Cards with 1 1 zones are sorted into 
the 1 1 pocket, and the 1 2 zones are sorted into 
the 1 2 pocket. Multiple digit or zone punches 
are rejected as errors if tlie edit or edit stop 
switch is ON. 

By correctly setting this selection switch most 
any type sorting may be accomplished. The 
main advantage is a reduction of time when 
sorting alphabetic information. This will be 
discussed under sorting operations. 
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DIGIT-SUPPRESSION KEYS 

There are twelve DIGIT^SUPPRESSION 
KEYS. These keys correspond to the twelve 
punching positions. By depressing one of these 
keys the corresponding timed impulse is not 
allowed to reach the contact roller. It' no 
electrical contact is made, the selector pin is not 
activated and no chute blade is opened. This 
means that if the 5 key were depressed (during 
numeric sorting), a card punched with a S would 
be treated as a blank. 

When pressed, the keys automatically latch 
down. To unlatch the keys, run a Hngertip along 
the bottom edge of the keys. 

These keys are used to select out certain 
punched cards of a file without disturbing the 
sequence of the rest of the file. They are also 
used to select certain punched cards of a file 
during sorting. These operations will be disr 
cussed later. 



SWITCHES, LIGHTS. KEYS 

Main^Line Switch 

The main-line switch is located on the right 
end of the sorter. This supplies the power to the 
sorter. 

Start Key 

Press this key to start the cards feeding from 
the hopper. The cards then feed automatically 
until the hopper is empty, until a pocket 
(stacker) is full, until the edit<-stop is activated 
because of an error, or until the stop key is 
pressed. 

Power-On-Light 

This light glows approximately one minute 
after the main-line switch is turned ON and 
indicates that the machine i^ ready to operate. 

Stop-Reset Key 

Press this key to stop card-feeding or to reset 
the error circuits when the sorter has stopped 
with the error light ON. 



Edit Switch 

With this switch ON, errors fall into the reject 
pocket without stopping card-feeding. 

Edit-Stop Switch 

With this switch ON, errors fall into the reject 
pocket, the error light comes on, and card- 
feeding stops. To reset the eiror circuits when 
the machine has stopped and tlie error light is 
ON, press the stop-reset key. 

Sort-Test Switch 

To check machine timing, the machine serv- 
iceman sets this switch to TEST. Set the switch 
to SORT for sorting operations. 

Edit Light 

When the edit-stop switch is ON and the 
machine senses an error, this light comes on. It 
also comes on when the test^ort switch is set at 
TEST and the brush is reading a punch in the 
card. 

SORTING OPERATIONS 

Before any sorting operation is begun, you 
should check all switches to ensure they are set 
in accordance with the job you are about to do. 
Improper switch settings may result in getting a 
file of cards out of order, thus requiring a repeat 
sort. It is also important to have a thorough 
understanding of the sequence in which the 
cards are to be sorted. Many valuable hours have 
been wasted in report preparation because the 
sorter operator misunderstood the sorting se- 
quence required, or neglected to ensure that the 
sorting was performed in the correct sequence. 

Numerical Sorting 

In order to arrange cards in numerical se- 
quence, each column in the control field 
requires one sort. Sorting begins with the units 
or low order position and progresses from right 
to left through the high order position. The sort 
brush is set to read the first column to be sorted« 
The sort selection switch is set at N. 



98 



Chapter 4-CARD SORTERS 



In figure 4-2, the left panel illustrates the 
sequence of events for the first sort of a 
2-column sorting operation 

1 . Part (A) indicates the original sequence of 
the cards before sorting is begun. 

2. P^rt (B) indicates the cards in the stacker 
after the completion of the first sort, on the 
units position. The cards are removed from the 



stacker pockets in a* ^ending sequence, so that 
the zeros will be stvjked on the bottom fol- 
lowed by the Is, 2s, and so on through 9. 

3. Part (C) indicates the sequence of the 
cards after the completion of the first sort. 



OBSERVE THE NUMERICAL SEQUENCE 
OF THE UNITS POSITION. 
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Upon completion of the first sort, the column 
selector knob must be rotated counter-clockwise 
to move the brush back one column. (Remem- 
ber, low order to high order.) 

The right panel in figure 4-2 illustrates the 
sequence of events for the 2nd (and last) sort of 
a 2-column sorting operation. 

1. Part (A) indicates the sequence of cards 
after the first sort has been completed. 

2. Part (B) indicates the cards in the stacker 
after the completion of the second sort, or the 
tens position. Cards must be removed in the 
same sequence as the first sort. 

3. Part (C) indicates the sequence of the 
cards after the completion of the second sort. 

OBSERVE THE NUMERICAL SEQUENCE 
OF THE HIGH ORDER POSITION AND 
ALSO THE ASCENDING SEQUENCE OF 
BOTH COLUMNS. 

Control Sorting 

In certain sorting operations, the desired 
sequence may involve more than one field. For 
instance, assume you have been given the job of 
sorting a file of personnel status cards to social 
security number, rate code, and activity code 
sequence. First, you must determine the se- 
quence of these fields in relation to one another. 
If the cards are to be sorted to social security 
number within rate code within activity code 
sequence, social security number would be your 
minor field, and must be sorted first. The 
intermediate field would be rate code, and must 
be sorted next. Since activity code would be 
your m^or field, it must be sorted last. An apt 
rule to remember, is that the m^jor field is 
determined by its degree of importance in 
relationship to other fields to be sorted. Con- 
sequently, the minor control field would always 
be the lowest subdivision of the major, with the 
intermediate control field falling between the 
two. 

If two or more reports are to be prepared 
from the same file of cards, but the cards are to 
be sorted differently for each report, consider- 
able sorting time can be saved by first analyzing 
the control fields required for each report and 
then sorting for these reports so that duplicate 



sorting of one or more control fields is avoided. 
For example, assume you must sort one file of 
cards for three reports (figure 4-3). The first 
report is to be prepared in rate code sequence 
within activity, the second in name sequence 
within rate code, and the third in name sequence 
only. Further assume that these reports do not 
have to be prepared in the order shown. If you 
sorted for each report in the order shown, you 
would sort rate code twice and name twice. 

Now take a closer look at the sorting require- 
ments (figure 4-4). The third report is to be 
prepared in name sequence only, so it should be 
sorted first. Then, the cards can be sorted for 
the second report sunply by keeping the cards in 
name sequence and sorting to rate code. Sorting 
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for i'*e first report can be accomplished last by 
keeping the cards in rate code sequence and 
sorting activity. 

Alphabetic Sorting 

Since alphabetic characters consist of two 
punches, sorting of alphabetic flelds requires 
multiple sorts per column. Sorting proceeds 
from thi low order to the high order as in 
numerical sorting. 

The following procedures are used when 
sorting alphabetic columns: 

1. Set the sort selection switch to A-1, and 
turn on the edit stop switch. Letters A through I 



sort into pockets 1 through 9 respectively. 
Eleven zones sort into the 1 1 pocket, and zero 
zones sort into the zero pocket. Cards that are 
blank, or punched with a 1 2 zone or digit only, 
sort into the reject pocket. Multiple zone or 
digit punches reject and stop the sorter. (See 
figure 4-1.) 

2. After sorting the column on A-1 remove 
the cards from the pockets in order from the 1 
through the 9. A sorter rack (foldout 4-1 F) is 
usually provided with a stacking slot for each 
sorter pocket. If a pocket fills before the sort is 
completed, the sorter will stop. Remove the 
cards from that pocket, place in the respective 
slot in the sorter rack and depress the start key. 

The cards in pockets 1 through 9 represent A 
through I, and do not have to be sorted again on 
that column. Stack the cards from the 1 1 and 
zero pockets separately. Rejects may be left in 
the reject pocket, or you may check them for 
valid punching and hold for the next column to 
be sorted. By getting the A through I cards out 
in one pass, the file volume has been greatly 
reduced for the second sort on the same column. 

3. Change the sort selection switch to A-2, 
but do not change the column setting. Do not 
sort the rejects or A through I cards. 

4. Sort the 1 1 zone cards, which will fall into 
pockets 1 through 9. These represent J through 
R, and are stacked behind the A through I cards. 

5. Sort the zero zone cards, which will fall 
into pockets 2 through 9. They represent S 
through Z, and are stacked behind the J through 
R cards. 

6. Place valid rejects in front of the file and 
proceed to the next column. 

Alplia-Numerical Sorting 

Sorting of card columns that may contain 
either letters or numbers is controlled by setting 
the sort selection switch to A-N. This setting 
separates the alphabetic from the numerical 
cards. The digits 0 through 9 sort into the 0-9 
pockets. The 12 zones sort into the 12 pocket, 
1 1 zones into the 1 1 pocket, and zero zones into 
the reject pocket. Any digit under a zone punch 
is ignored. Cards not punched in the column 
being sorted will sort into the reject pocket 
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The digit cards are now in sequence, and the 
alphabetic cards are separated into three groups. 
The 1 2 zones are then sorted on A-1 , and the 1 1 
and zero zones on A-2. 

You may wonder how zeros sort into the zero 
pocket one time and into the reject pocket 
another time. The editing device provides for 
checking a column to see if there are two 
punches in it. For exampl**, if only a zero is 
punched, it is recognized as a numerical zero, 
and the card sorts into the zero pocket. It any 
letter S through Z is punched, the numbers 2 
through 9 are sensed but not sorted, and the 
card sorts into the reject pocket. 

Block Sorting 

Cirds are usually sorted by beginning with the 
low order position of a field and continuing to 
the high order position. Sorting in this manner 
means that only one sorter can be used, and all 
sorting must be completed before the cards can 
be used for another job. When a large volume of 
cards must be sorted, it may be advisable to 
break the cards down into small groups. To do 
this, set the sort selection switch to N then sort 
on the high order position of the field. This will 
result in a maximum of ten blocks of cards (12 
if single 1 Ts and 12's are present). Each block 
can then be sorted individually in the usual 
manner. See figure 4-S. 

Block sorting reduces the overall time re- 
quired to prepare a report by permitting the 
processing of completed blocks through other 
machines while the remaining blocks are being 
sorted. Block sorting also permits the use of 
more than one sorter to get the job done (fig. 
4-6). 

In operations involving more than one fieldT 
Uock sorting is accomplished by first sorting the 
high order position of the m^or fields. Each 
m^or block of cards can then be treated as a 
separate group and sorted individually. 

Selective Sorting 

In some instances it may be desirable to select 
cards containing specific digits without disturb- 
ing the sequence of the selected cards. In this 
case, the suppression keys representing digits to 
be selected are depressed. This causes selected 
cards to sort into the reject pocket and un- 
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selected cards to sort into their respective 
pockets. This method can be used only when all 
cards are punched hi the column being selected. 
If any cards are unpunched, they will sort into 
the reject pocket with the selected cards. 

Cards punched with certain digits can be 
selected from a file without disturbhig the 
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original sequences ol the remainder. All suppres- 
sion keys representing digits not to be selected 
are depressed. This causes unselected cards to 
sort into the reject pocket and all selected cards 
to sort into their respective pockets. Examples 
of this are as follows: 

If you wish to select all cards in a file 
containing the letter A in column 79 (without 
disturbing the rest of the file), set the sort 
selection switch to A-1. Set the column indica- 
tor on column 79. Depress all of the digit 
supression keys EXCEPT the 1 and 1 2. This will 
cause any 1 2-2oned character except the A to go 
to the reject pocket (figure 4-1) along with 
blanks, 0-zone, 1 1-zone and special characters. 
The A*s will sort out to pocket 1 . 

For selection of an I l-zone character let us 
ase the letter M. Set the sort selection switch to 
A-2. Depress all of the digit suppression keys 
except the 4, 1 1 , and 1 2. The 1 2-zone characters 
automatically reject on the A-2 setting. The 0 
has to be depressed; otherwise, the letter U 
would also sort out. So now the single letter M 
goes to pocket 4 and all others to reject. 

For selection of a 0-zone character let us use a 
T. Set the sort selection switch to A-2. Depress 
all suppression keys except the 3, 0 and 1 2. This 
will put the T in pocket 3 and all others to 
reject. 

For a numeric (0-9) selection set the sort 
selection switch to A-N. Depress all but the digit 
you wish. Your code will sort to its respective 
pocket and all others to reject. 

For selection of all of a specific zone set the 
sort selection switch to Z and depress the two 
suppression keys for the zones you do not want. 

OPERATING SUGGESTIONS 

The operating efficiency of card sorters 
depends upon their condition, and the care with 
which cards are handled. The following oper- 
ating suggestions are listed to assist you in 
attaining the best results during a sorting 
operation. 

Handling Cards 

Most of the difficulty that occurs in a sorting 
operation is a result of improper card handling. 
Edges of the cards are sometimes damaged while 
they are being joggled or placed in the feed 



hopper. Damaged cards may cause a jam or 
niissort as they pass through the machine. They 
may wrinkle or fold at the throat, under the 
brush, or between the chute blades and rollers. 

Edges of cards should be checked to see that 
they are not bent, nicked, or torn. The feed 
hopper should be checked to make sure it does 
not contain any dirt, card dust, pieces of cards, 
or any foreign matter which might hinder proper 
card feeding. 

Cards should be fanned (by grasping one end 
of a group of cards, drawing the other end back, 
and allowing a few cards at a time to "fan" to 
the normal position), in order to remove static 
electricity before they are placed in the feed 
hopper. Static electricity causes cards to stick 
together, especially in dry weather. Fanning also 
allows ny foreign matter between the cards to 
fall 01 Keep the hopper well supplied with 
cards to assure continuous machine operation. 

Pocket Stops 

Each of the 13 pockets has a pocket-stop 
lever. To adjust the capacity of the pockets, 
adjust the control lever on the rear of the sorter. 
It can be set for approximately 400, 565, 735, 
or 800 cards per pocket. Foldout 4-lG shows 
the pocket-stop control lever as seen from the 
front of the machine. From this position, you 
may move the lever until it clicks into one of the 
four positions. 

Checking and Stacking Cards 

Off-punched or damaged cards may result in 
missorting. If cards appear to be off-punched, 
check several of them with a card gage. Figure 
4-7 shows a card gage. It may be necessary to 
duplicate off-punched or damaged cards in order 
to assure proper card feeding and sorting. 

Sight Checking 

After removing cards from each pocket, chedc 
the accuracy of the sorting. Joggle the cards so 
that they are in perfect alignment. Held them in 
front of a source of light and look through the 
hole corresponding to the pocket from which 
they were removed. If the cards have been 
sorted properly, you can see light through the 
hole. If you cannot see light, remove the 
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Figure 4-7.-Using a card gage. 
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missorted cards and file them in their correct 
sequence. 

Sort Needle 

Missorted cards can be quickly detected by 
using a sorting needle (tig. 4-8). Simply place the 
needle in the hole you are checking and push it 
gently through the cards. The needle will stop 
when it reaches the missorted card. Remove the 
missorted card and continue pushing the needle 
until it has passed completely through all the 
cards. 

The sorting needle can also be used for 
manually sorting a large volume of cards when 
the punching in any given column to be sorted 
will almost always be the same. For example, if 
you are sorting an amount field anci the high 
order position of all but a few cards contains a 
zero, this position can be needle sorted by 
passing the needle through the zero punching 
position and manually selecting all cards 
punched with other than zero. 

After checking the sorting accuracy of eadi 
group of cards, place them face down in sorter 
racks. These racks are usually attached to the 
back of the sorter. If the volume of cards being 
sorted is small, the top of the sorter m^y be used 
for temporary stacking of cards. 

Card Jams 

Even with proper card handling, jams will 
sometimes occur. If the sort bursh is not timed 



properly, the chute blades may tear the leading 
edge of the card and cause it to jam. If the 
machine fails to stop when a pocket becomes 
full, a jam will occur. 

In the event of a card jam, depress the stop 
key immediately, and turn off the main line 
switch. If the jam has occurred at the throat, 
remove the cards from the hopper, t jni the 
column selection handle to the raised position, 
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and remove the brush holder. Care should be 
exercised in removing the brush to avoid 
damaging it The brusli should be replaced if it is 
bent» or if the wire strands are spread- Remove 
the damaged cards and replaa' the brush holder. 

If the jam has occurred in the chute blades 
above the stacker pockets, raise the glass cover 
over the pockets. Remove the damaged cards by 
a steady pulK being cardful not to damage the 
chute blades. An interlock switch prevents 
machine operation when either the glass cover 
over the pockets is raised or the cover of the 
brush is raised. 

The process of making damaged cards over 
will be made easier if you make every effort not 



to tear them any more than necessary when 
removing them from the sorter. Slightly 
damaged cards can be reproduced ordup!icated« 
while badly torn cards must be manually re- 
punched. All damaged cards must be made over 
to avoid card jams or misfeeding in later 
machine operations. 

Always have a supervisor instruct you the first 
couple of times. 

IBM 84 SORTER 

The IBM 84 Sorter (see figure 4-9) has 
evolved from the IBM 83 to provide an even 
faster, more accurate and convenient machine 
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for sorting. For this reason the 84 is similar to 
the 83 in many ways. With the exception of the 
differences mentioned in this section of th.e 
manua', the IBM 84 operates the same as the 83, 
but at the rate of the 2,000 cards per minute, 
double the rate of the 83. 

The IBM 84 is designed for large volumes of 
cards. Sorting small groups of cards on the 84 is 
less economical with reference to card handling 
time, total sorting time and operator attendana* 
at the machine. The 84 has brushless card- 
sensing, radial stackers, a vacuum-assist feed, and 
solid-state circuitry, all of which provide an 
increase in speed, accuracy and convenience of 
sorting. Solid-state circuitry makes a warm-up 
period unnecessary. 

Brushless Card Feeding 

The sensing of holes in a particular column is 
accomplished by a movable one-watt light bulb 
shining from beneath the card, through a hole in 
the card, and onto a light sensitive diode (fig. 
4-10). Turning the column-selector knob moves 
the bulb and diode assembly from column to 
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Figurt 4-10.-SMiiing machaniim« typ9 84. 



column. The column indicator is directly above 
the column selector knob (fig. 4-1 1). The light 
source should be cleaned daily with a dust cloth 
to minimize rejects. More frequent cleaning may 
be required if the sorter is running for extended 
periods. Any adjustments to the sensing mech- 
anism should be made by a machine serviceman. 
If a jam occurs which requires removal of the 
sensinfc mechanism, call a machine serviceman. 
Do not attempt removal of the mechanism 
yourself. 

Radial Stackers 

Cards are sorted into 13 radial stackers, as 
illustrated in figure 4-1 2, each with a capacity of 
approximately 1650 cards. Instead of cards 
being stacked face down, as in other types of 
sorters, they are stacked on the column 80 end, 
with the face of the cards toward the front of 
the machine. Card retaining levers prevent the 
cards from falling backward into the stacker. As 
the stacker fills, the card deck is pushed forward 
until it activates the stacker-stop switch which 
stops the machine and turns on the full-pocket 
light. Cards may be easily removed from the 
stackers without stopping the machine. 

Full Stacker Light 

The full stacker light (fig. 4-1 1 ) signals that a 
stacker is approaching its maximum holding 
capacity of approximately 1,650 cards. When 
this capacity is reached, card feeding is auto- 
matically stopped. 

Vacuum Light 

The type 84 sorter is equipped with a 
vacuum-assist feed. When the vacuum level has 
fallen to low to assure proper card feeding, the 
vacuum light (fig. 4-11) comes on and card 
feeding stops. When this happens, the condition 
should be corrected only by a machine 
serviceman. 

FUeFeed 

A file feed with a capacity of 3,600 cards is 
provided as standard equipment. The file feed 
automatically joggles the cards as they arc fed 
into the hopper, thus reducing the amount of 
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Figura 4-11.-Ma«hiM control^ type 84. 



manual joggling to a minimvm. Cards are fed by 
the high-speed vacuum-assisted feed mechanism 
surely and accurately without a card weight. 

OPERATING SUGGESTIONS 

The photoelectric sensing mechanism may 
lead staple holes and heavy erasures. Oil spots 
on cards should be avoided also, since they make 
the card translucent and cause the machine to 
read the spots. 

The main-line switch should be turned off 
when the sorter is not in use, to conserve the 
tight source and vacuum pump. The 84 can be 
used immediately after the main-line switch is 
turned on. 



SPECIAL FEATURES 

There are several special features which may 
be added to card sorters to extend the appUca- 
tion possibilities of the machines. While you are 
not expected to be an expert on all these 
features, there are certain ones with which you 
should be familiar. 

AUXILIARY CARD COUNTER 

An electrically operated card counter can be 
mounted to the left of the feed hopper to count 
the number of cards that pass the sort brush or 
sensing mechanism. The sorting speed and the 
method of operation are not affected when the 
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Figura 4-1Z>Side viaw of radial stacker. 



card counter is used. The maximum capacity of 
the counter is 999,999 for types 83 and 84. 

While the card counter is normally used for 
counting the total number of cards that pass 
through the machine, it may also be used to 
count by pockets. On the first sort, a total of all 
cards is accumulated. On the second sort, each 
pocket is sorted and counted separately. The 
sum of the pockets is then crossfooted to the 
overall total to assure that card counting has 
been performed correctly. 

SORT SUPPRESSION 

If cards mlh different punches are to be 
selected from a file, it is customary for the 
selected cards to sort into their respective 
pockets while all other cards are rejected, or vice 
versa, depending upon the method of selection 
employed. For example, if the type 83 sorter is 
used to select all cards punched with a 1 , 3, or S, 
and the digit suppression keys for all other digits 
are depressed, any cards punched with a 1, 3, or 
5 will sort into their respective pockets while all 
other cards sort into the reject pocket. 

With the sort suppression device installed, the 
selected and unselected cards are placed in two 



groups without distrubing the sequence of 
either. In the example stated above, the selected 
cards punched with a 1 , 3, or 5 will sort into the 
12 pocket, and all other cards sort into the 
reject pocket. 

Cards may be edited on the types 83 and 84 
sorters during a selection operation without 
disturbing their sequence. With the sort selection 
switch set to N and the edit stop switch and sort 
suppression switch ON, cards are separated and 
errors fall into the reject pocket in sequence 
with other rejected cards. The edit stop switch 
will stop the machine when an error card falls 
into the reject pocket. 

Still another use for the sort suppression 
device on the types 83 and 84 sorters is checking 
a single column for blanks or double punches 
without disturbing the sequence of the cards. 
Set the sort selection switch to N, and turn the 
edit switch and sort suppression switch ON. 
Cards punched with only one digit will sort into 
the 12 pocket, while double punched cards or 
cards not punched will sort into the reject 
pocket. Setting the edit stop switch to the OFF 
position allows continuous card feeding without 
causing the machine to stop each time an error is 
detected. 

ALPHABETIC SORTING FEATURE 

An alphabetic sorting feature can be installed 
on the types 83 and 84 sorters to speed the 
operation of alphabetic sorting. When this device 
is installed, the sorting patterns normally estab- 
lished when the sort selection switch is set to 
A-1, A-2, and A-N are changed permanently. 
The sorting pattern established by this device is 
shown in figure 4-13. This pattern is based on 
the frequency that certain letters appear in 
proper names. 

ALPHABETIC SORTING.-To sort a column 
alphabetically, all cards are fed throi^ the 
sorter once and a part of the cards a second 
time. On the first sort, 10 letters, including all 
vowels, are sorted and may remain in their 
respective pockets while the balance of cards are 
sorted a second time. 

On the Hrst sort, set the sort selection switch 
to A-1. This causes all cards punched A, C, E, G, 
I, L, O, R, U, and X to sort into pockets zero 
through 9 respectively. Cards punched with B, 
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p, F, H, J, M, P, S, V, and Y sort into pocket 
1 2. while those punched with K, N, Q, T, W, and 
Z sort into pocket 11. Blanks, and cards not 
punched with an alphabetic letter, sort into the 
reject pocket. 

On the second sort, change the sort selection, 
switch to A-2, but leave the sorted cards in 
pockets zero through 9. Place the cards from 
pocket 12 in the hopper, followed by those 
from pocket 11. Upon completion of the second 
sort, all cards in pockets zero through 9 will be 
in sequence from A through Z. Remove them in 
^cending sequence from pockets zero through 

ALPHA-NUMERICAL SORTING. -Cards 
which may contain either letters or numbers can 



be sorted by first setting the sort selection 
switch to A-N. The digits 0-9 sort into pockets 
0-9 respectively, and all other cards sort into 
pockets 1 1 , 1 2, and the reject pocket. 

After the digit cards have been removed from 
pockets 0 through 9, the reaminder can be 
sorted alphabetically in the following manner. 
Set the sort selection switch to A-1 and sort the 
cards from the reject pocket. 

Without removing these cards, set the sort 
selection switch to A-2 and place the cards from 
pocket 12 to the hopper, foUowed by those 
from pocket 1 1. upon completion of this sort 
all cards in pockets 0 through 9 will be in 
sequence from A through Z. 
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FUNCTIONAL WIRING PRINCIPLES 



Before you are introduced to individual unit 
record machines for specific wiring and oper- 
ations, you should know about some operational 
and wiring principles that are common to them 
all. Each unit record machine requiring control 
panel wiring has certain stations, control panel 
areas and machine functions that provide 
exactly the same thing. These similarities may 
not be labeled exactly the same on all machines 
and some of the components may be switched 
around, but they operate or are wired almost 
identically. 

This chapter introduces you to these similari- 
ties to aid your understanding the specific unit 
record machines described later and to reduce 
the otherwise detailed repetition in the chapter 
for the individual machine. 

It is extremely important that you understand 
these functional wiring principles. The knowl- 
edge that you will gain from studying this 
chapter will help you in thoroughly under- 
standing the wiring and operations of the unit 
record machines in the following chapters. 

It is not important that you try to understand 
specific machines or their operations in this 
chapter even though specific machine control 
panel diagrams may be used as examples. Direct 
your attention to the PRINCIPLES being 
explained rather than the machines referenced. 

CARD READING 

In order for unit record equipment to work 
for you, it must be able to read and manipulate 
your data. The reading is accomplished by 
detection of the punched holes in cards by 
electrically timed impulses. The manipulation of 
data is accomplished by your further directing 
these impulses and utilizing other machine im- 
pulses for control purposes through control 
panel wiring. 



It is, therefore, important that you under- 
stand, first of all, the methods used for reading 
the data. 

READING STATIONS 

Each machine has one or more reading sta- 
tions consisting of a reading brush or brushes 
and a source of electrical impulses (usually a 
contact roller). A station consisting of a single 
brusli and contact roller is the easiest to explain 
and understand. So, let's start the discussion of 
card reading with the sorter, for in this machine 
only one column of the card is read at a time, by 
one brush. 

As the card passes througji the machine, it 
passes over an electric-contact roller. While the 
card is passing over the contact roller (figure 
5-1), it passes under a brush. The brush is 
positioned by the operator to read one of the 80 
vertical columns in the card. The illustration 
shows the contact roller, the card, and the 
brusli. 

As the card passes through the machine, 
bottom (9-edge) first, the brush is kept from 
touching the contact roller by the card, which 
acts as an insulator. However, when a punched 
hole reaches the brush (a 4-hole in the illustra- 
tion), the brush drops into the hole and touches 
the contact roller. 

This completes an electric circuit, just as you 
do when you switch on your elpctric lights at 
home. When the brush makes contact with the 
roller, electric current flows from the roller to 
the brush. This How of current, or impulse, 
continues until the contact between the brush 
and the roller is broken by an unpunched 
portion of the card moving between the bn»sh 
and the roller. 

The timing of the bnish impulse, or flow of 
current, is the means by which the machines 
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1. CARDS BEING RSAO AS THEY PASS BETWEEN A 
•RUSK AND AN ELECTRIC CONTACT ROLLER. 




a. ELECTRICAL CONTACT IS MADE ONLY 
WHERE PUNCHED HOLES ARE LOCATED. 

R49.3.1X 
Figura 5-1.-Singlt brush read station. 

recognize whether the punch is a 9, 8, 7, 6, 5, 
4, 3, 2, 1 , 0, 1 1 , or 1 2. If the impulse is available 
just after the 9-edge of the card has passed 
between the contact roller and the brush, the 
machine recognizes that a hole is punched in the 
9«po8ition of the card. If the impulse is available 
a little later, the machine lecognizes that a hole 
it punched in the 8-position of the card. This is 
true of all positions that can be punched. In 
fact, the machines recognize which digit has 
been punched by the amount of time that 
elapses from the moment the leading edge of the 
card passes under the brush to the moment 
when the brush drops into a punched hole and 
the impulse becomes available. 

Mttltiple-Colunin Reading 

In discussing the sorter, we have considered 
one brush, set to read one column at a time. In 
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most machines, however, we have a set of 80 
brushes; each brush reads one of the 80 card 
columns. Therefore, the entire card is read as it 
passes between the set of 80 brushes and the 
contact roller (figure 5-2). 

This does not mean that all of the possible 
960 punching positions are read at one time. 
Remember that the card travels forward row by 
row. When we say all 80 columns are read, we 
really mean that there is a reading brush 
positioned for each column and that the 9 row is 
being read for all 80 columns at once, then the 8 
row, etc., until the entire card has passed the 
read station. 
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Figure 5>2.-An 80 column brush asttmbly. 
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Multiple Read Stations 

Some machines not only perfonn multiple- 
column reading but do so with two or more 
reading stations. This allows for the reading of 
two or more cards at the same time. A multiple 
read station machine that performs reading in a 
somewhat different manner is the accounting 
machine. 

IBM 407, 408, and 409 Accounting Machines 
are equipped with two reading stations. Each 
reading station has ' 960 stationary reading 
brushes, and 960 metal segments instead of a 
contact roller. All possible punches in all card 
columns can be read (12 positions multiplied by 
80 card columns). Each reading station also 
contains 80 commutators that rotate from the 
9-position to the 12-position (figure 5-3). 

If a hole is punched in a card, a contact is 
made between the reading brush for that specific 
column and row, and the metal segment for that 



specific column and row. Each column has one 
commutator. When the commutator has rotated 
to the specific position fo the punched hole, an 
electric circuit is completed through the brush. 
An impulse is available in the control panel at 
the corresponding position in FIRST READING 
or SECOND READING hubs. 

In the 407, 408, and 409, the card can be 
held at either the first or second reading station 
and read several times. 

Card Movement 

The explanations that have been given so far 
for reading have dealt with cards moving 9-ed8e 
first. Different machines require different card 
insertion. Some machines require the LEADING 
EDGE (first to enter the machine) to be the 12 
row rather than the 9. Some machines require 
the cards be face up, while otiiers (the majority) 
require face down placement. 
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The important factor for correct reading is 
the required leading edge. Face up or face down 
requirements are, for the most part, to ensure 
proper sequence during card handling. 

The leading edge requirement is based on the 
internal digit timing. In other words, is the 
machine designed so that the first digit en* 
countered will be recognized as a 9, or a 12? 
Timing charts for individual machines will tell 
you this. More information on timing charts will 
be presented throughout this chapter and fol- 
lowing chapters on the individual equipment. 

CONTROL P.4NELS 

At the time the card is being read, the 
impulses are delivered to and made available at 
EXITS on the control panel. 

You will then, by external plug-in wires, 
direct the impulse to an ENTRY point on the 
control panel for some type of performance 
(printing, punching, etc.). 

Basically, the control panel is similar, in 
principle, to a telephone switchboard. An in- 
coming call on a switchboard lights a signal light 
that tells the operator which line the incoming 
call is on. After she answers the call, she plugs 
the cord into a hub on the board that is 
internally connected to the desired extension. 
Actually, the operator has completed an electric 
circuit to give the correct result. 

A control panel does exactly the same thing; 
it completes electric circuits through wires you 
insert. The internal circuits (figure 5-4) to be 
controlled by external wiring are connected to 
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rows of metal prongs (contacts) that are the 
ends of these internal circuits. 

When the control panel is fitted into place, a 
jack on the control panel touches each one of 
the machine's metal contacts. In this way the 
external wiring (control-panel wiring) completes 
the desired circuits (figure S-S). 

Types of Control Panels 

There are two general types of control panels. 
Control-panel wires with special tips are used 
with each of the two types of panels. 

One type of panel has metal prongs, or 
contacts, that press against the stationary in- 
ternal contacts. The external wires (figure 5-5A) 
plug into these metal prongs to complete the 
internal circuits. 

The second type of panel consists only of 
hubs into which the external wires are inserted. 
The wires themselves have longer and larger tips 
(figure S-5B) that pass through the control panel 
and press directly against the stationary prongs. 
These wires are known as self-contacting 
control-panel wires. Each of the two general 
typeis of wires is available, color-coded in various . 
lengths. 

Control Panel Hubs 

HUBS are those visible, labeled holes in a 
control panel that allow wires to be inserted. 
The hubs which represent circuits that accept 
electric impulses are called ENTRIES; those 
which represent circuits that emit impulses are 
called EXITS. This method of labeling may be 
seen on the left side of figure 5^6. 

COMMON HUBS.-Control-panel hubs may 
be single, or two or more may be internally 
connected to each other. If they are mtemally 
connected, they are called COMMON. Common 
hubs are identified on the face of the control 
panel by lines connecting them (fig. 5-6). 

If these hubs are exit hubs, the exit impulse is 
available out of all the hubs connected by a line. 
If these common hubs are entry hubs, an 
impulse wired externally into any one of the 
connected hubs is directed into the machine and 
is available out of the other hubs common to it. 
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©SELF-CONTACTING CONTROL PANEL 
COMPLETING A MACHINE CIRCUIT 

R4flL4X 

Figura 5-5.-Typ«i off emtrol pandt. 



BUS HUBS.-BUS hubs (figure S-6) are several they are connected to each other, they are not 
hubs internally connected to each other; they connected to an internal machine circuit. If an 
are neither exit nor entry hubs, for, although impulse is wired from an exit hub on the control 
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Figurt 5^.-Contirol paiMl hubs. 



panel to a bus hub, this same impulse is available 
out of all the other hubs of that connected 
group. 

SWITCHES. -Switches (figure 5-6) are simply 
sets of hubs to be wired together to allow or 
disallow certain functions during machine oper- 
ations. Switches may contain two or three hubs. 
Generally, if there are only two and they are 
NOT wired, the function does not happen. In 
some cases there is a center hub exiting an 
impulse that must be directed to the cor- 
responding ON or OFF hub. 

Hub Ubeling 

All hubs have descriptive labeling to help the 
wirer. The labels refer to the machine station 



that the impulses arc coming from or going to, 
the function they are associated with or the 
impulse they will send or receive. 

CONTRODPANEL DIAGRAMS 

Paper diagrams (drawings) of the hub layouts 
on each type of control panel are available. 
These are used to keep a permanent record of a 
control-panel setup. To make the diagram as 
legible as possible, there are a few simple rules to 
follow when drawing a diagram (fig. 5-7). 

1. Use different colored pencils to diagram 
wiring that makes the machine perform different 
functions. For instance, wiring for printing 
might be a different color than wiring for 
addition. 

2. Pencil-in the hubs of a FIELD and connect 
these hubs with a horizontal line. 

3. Connect the exit and entry fields by one 
line. Actually, this line may represent any 
number of individual wires in the control panel. 
However, in order to make the diagram easy to 
read, we use this abbreviation, understanding 
that, although only one line is shown on the 
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diagram, a four-position field requires four wires 
in the actual control panel. 

4. Indicate exit and entry hubs by drawing an 
arrow pointing to the entry hubs. 

5. When it is necessary to cross lines on a 
diagram, break one line. This prevents the 
possibility of following the wrong line to the 
entry hubs. 

TIMING CHARTS 

Before proceeding to the function and wiring 
of specific hubs, you need to know about the 
use of timing charts. The use, at this point, will 
be limited tn hub location, hub use (exit or 
entry) and notation of cycles. 

Timing is an important concept to under- 
stand. For example, as a result of timing, an 
8-hole read causes an "8*' to be printed, or 
causes an 8-holc to be punched. You hear people 
speaking of im pluses being available and things 
happening in a machine at 9-time, 8-time, etc. 
All they mean is that the impulse is available, or 
things are happening, at the time the card is in 
position for a 9, 8, etc., to be read. When the 
term 94ime is used, it really means at 9-time in 
the cycle. 

HUB LOCATION 



If two letters appear (C-H), it means that the 
set of hubs occupies two or more (inclusive) 
rows of the panel. Two numbers (21-22) would 
mean the inclusive vertical locations. 

Use Indication 

To determine whether' a hub is an exit or an 
entry is simple with a timing chart. The "use" 
codes are indicated on a timing chart (across the 
top of figure 5-8) by various shadings. These 
colors appear in the degree duration section of 
the chart for the approximate duration of time 
that the hubs emit or accept impulses. 

If the particular hub is other than a complete 
exit or entry, it will have a note code that may 
be referenced in the manufacturer's technical 
manual for that piece of equipment. 

You will notice several things about figure 
5-8. The degree durations for the hubs named 
Interpret Read are shaded to indicate that these 
are exit hubs (as are all read hubs). Also, the 
first digit impulse available is the 12 timed 
impulse. This means that the cards are fed 
1 2-edge first. 

A hub that is active continuously such as the 
Asterisk Control (left) is available for what is 
called a MACHINE CYCLE. 



If a hub name is known but cannot be easily 
found on a congested panel, refer to a timing 
chart (figure 5-8). 

Down the left side of the chart is the hub 
name. Following the name is a code for its 
location on the respective machine's control 
panel. The alphabetic characters refer to the 
horizontal (row) line on the panel. Most rows on 
panels are lettered from the top down starting 
with the letter A. This will continue through Z 
and then start over with double letters (AA, BE, 
etc.). 

The number following the letter refers to the 
vertical position. Numbering the columns of 
hubs usually starts at the left and increases bV| 
one for each position to the right. 

By referring to the location code on the chart, 
the hub can be easily located. Find the alpha- 
betic letter of the code on the panel and follow 
it across the panel until the code number is 
intersected. 



THE CYCLE CONCEPT 

The term cycle is one we have not discussed 
yet, and there are others, such as cycle points, 
card cycle, print cycle, and degrees. The word 
cycle itself is a familiar term. A cycle is the 
period (or time interval) required to complete a 
round of events or operations that occur in 
sequence on a regular basis. We have weather 
cycles, economic cycles, business cycles, and 
many others. A cycle can, therefore, be thought 
of as a circle. You can think of second hand on a 
clock as the pointer, and in one revolution it has 
completed a cycle. 

Machine Cycles 

Each IBM machine is made to perform its 
functions within a given time, called a machine 
cycle. A machine, when running, operates at so 
many machine cycles per minute. 
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However, a machine may be capable of 
performing several functions such as feeding 
cards, printing, or punching. If card feeding is 
occurring during the cycle, then it is a CARD- 
FEED CYCLE. A machine cycle can be qualified 
by any function occurring during the cycle, such 
as print cycle, total cycle, or punch cycle. 

A more detailed explanation of cycles will be 
given in individual machine chapters. 

CONTROL STATIONS 

You know that reading stations deliver the 
timed read impulses to the control panel and 
you then control the operations by panel wiring. 
Once the panel is wired, it will deliver the same 
impulses to the same place every time. This 
provides for consistency in operation and 
eliminates the possibility of the "human error" 
of forgetting a step. However, in wiring the 
panel to process the cards, ALL conditions must 
be planned for. 

Those things that are to happen once for 
every hundred cards or so must also be taken 
into account. Usually, these exceptions to the 
rule are keypunched with a certain punch in a 
certain preplanned column. An example of this 
would be an 11 or 12 punch in the units 
position of an amount field to denote a negative 
field. 

The normal wiring on a machine capable of 
adding and subtracting would probably be to 



add a certain field. When a card appeared that 
contained a negative amount, you certainly 
wouldn't want to add it. The overpunch ( 1 1 or 
1 2) is in the card so that it may be detected (if 
wired for) and the machine property wired to 
change actions. 

If you think about it, you will see how this 
could be a problem. On a machine that reads the 
cards 9-edge first the numeric amount in a field 
would have already been read and delivered to a 
counter by the time the overpunch can be read. 

There are other situations that are similar to 
this such as: print name (on the interpreter) for 
all cards except those with a control punch in 

column ; punch (on the reproducer) 

all EAOS fields unless there is a control punch in 
column . ; etc. 

Control Read Stations 

The manufacturers have made allowances for 
this need of eariy reading by supplying a 
CONTROL READ STATION on most machines. 

This control station has either single read 
brushes which may be manually placed to read 
any column, or permanently installed brushes 
(80 or less) which have clip-on or plug-in wires 
(figure 5-9). 

These brushes are located just ahead of the 
normal read stations to sense the presence or 
nonpresence of control punches (figure 5-10). If 
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l^igurt 5-9.-80 column pra-iMuing ttatkm (control X read). 
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Figura 5-10.-X brush location. 



present the impulse is delivered internally to a 
control panel exit hub. 

This station does not deliver all the read 
impulses, only those for 1 2 time or 1 1 time or 
both. In figure 5-8 you will notice the Control X 
Read shows as an exit for a single read impulse 
prior to the normal reading (interpret read). 

This control reading allows the impulse to be 
available at the control panel ahead of the 
normal reading. Using the proper control panel 
wiring, you may then rechannel your impulses 
from the normal function to another (subtract 
instead of add, nonprint instead of print, etc.). 

The control punch is usually an 11 punch 
which is referred to as an "X" punch. The "X" 
punch use and its respective read exit hubs will 
be explained later within this chapter and in the 
chapters on the individual machines. 

COLUMN SPUTS 

Suppose we want to reproduce the punches in 
an original deck of cards into a new deck of 
cards. The original, or master deck, has an X 
punched in column 80. Also, part of the amount 
field is punched in column 80. The X in column 
80 is not needed in the new deck. We can 
prevent the X from being reproduced when we 
reproduce the digit in column 80 by the use of a 
volumn split. 

If we interpret a deck of cards that has an X 
punched over one of the amount fields we wish 
to print, we will print alphabetic information 
instead of the desired numerical information. 
This happens because an X and a digit form a 



letter. We can prevent the X-punch from reach- 
ing the typebars, and print just the digit, by the 
use of a column split. 

Splitting a column means separating the digit 
punches (0-9) from the 11- and 12-punches. 
When a brush in an IBM machine reads a card 
column, it reads all the holes punched in that 
column. If a column is punched 1 2 through 9, 
all twelve punches are available out of the 
reading-brush exit hub. It is often necessary to 
divide the punches of a column into two 
separate groups, 0-9, and 1 1 and. 1 2. 



ELECTROMAGNETS 

Let*s see what a column split looks like, and 
how it operates. The colunm split is nothing 
more than a magnet, an armature, and contact 
points for internal connections. These internal 
connections allow the hubs on a panel to be 
utilized for selection of the 1 1 and 1 2 impulses 
or the 0 through 9 impulses once an external 
wire on the panel directs a certain colunm 
reading into the column split unit. Figure S-1 1 
shows the schematic of a column split position. 

The magnet in IBM machines is slightly 
different from the horseshoe type. It is a piece 
of iron (called a core) that becomes a strong 
magnet only when an electric impulse goes 
through a length of wire (called a coU) wrapped 
around the core. When the electric impulse is 
not going through the coil, the core is not 
magnetized. When an electric impulse is going 
through the coil, the core becomes a magnet. 
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Figure 5-11 .-Column split schematic 



Therefore, you can see that the difference 
between the horseshoe magnet and the magnets 
used in IBM machines is that in the IBM type, 
the magnetism can be turned off and on by the 
presence or absence of an electric impulse. 

The type of magnet used in IBM machines is 
called an electromagnet. 

TTie electromagnet of a column split is inter- 
nally and automatically energized each time a 
card passes the normal read brushes. The magnet 
remains energized during 1 1 and 1 2 time of each 
CARD FEED CYCLE allowing an internal con- 
nection between the hubs labeled 1 1-1 2 and C 
(figure 5-12). The C hub is called COMMON 
because it is the one that is connected at all 
times to either the hubs 1 1-12 or 0-9. 

When the magnet is deenergized, the con- 
nection is between COMMON and 0-9 (figure 
5-11). Since these column split units do not 
control functions (read, punch, print), once a 
wire has been plugged into one of the three 
hubs, the impulse delivered is going to die unless 
another wire allows the impulse to continue. 

If a read hub is wired to the COMMON hub 
and a wire connects the 0-9 hub to a punch hub, 
only the punches 0-9 in the respective read hub 
«;ard column are goi^.g to cause punching. Any 
1 1 or 1 2 read punch delivered to the COMMON 
will not come out, as the internal connection 
does not allow the wired COMMON and 0-9 
path during this time (figure 5-12). This would 
remain true even if the wiring were reversed, 



that is, from the read hub to the 0-9 and out the 
COMMON hub. 

The COMMON can, therefore, be used u 
either an EXIT or an ENTRY hub. Also, the 
0-9 and 11-12 hubs can be either EXIT or 
ENTRY hubs. 

When we wire the card column to COMMON, 
we divide the card column in two. The 0>9 
impulses are available out of one hub on the 
control panel, and the 11-12 impulses are 
available out of another hub on the oontroi 
panel. 

When we wire the card column to the 11-12 
we are eliminating any 0-9 punches from COM- 
MON. When we wire the card column to the 0-9 
hub, we are eliminating any 1 1-12 punches from 
COMMON. Therefore, the hubs of a column 
split are either entries or exits, depending on the 
results we wish to obtain from their use. 

Figure 5-8 shows the Column Split hubs, 
Interpret 11-12 and 0-9 (lines 4 and S) as 
entries. This does not restrict them to being 
entries, as we have explained; it depends on your 
wiring as to whether they are esdts or entries. 
The timing chart also shows that the transfer 
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Figure 5-12.-Eiwrai»d iragiMt (12 and 11 tknt). 
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from 11-12 hubs to 0-9 hubs takes place 
between the 1 1 and 0 timed impulses (24°). 

Figure 5*13 shows various examples of how 
column splits may appear on different control 
panels. 
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Figura 5-13.-Control pantl hubs, column splits. 
X-ELIMINATORS 

On some types of machines this function of 
column splitting may be taken care of with a 
group of hubs labeled X-ELIMINATORS. These 
hubs are labeled the same, and the unit performs 
the same function. The only difference is that a 
switch is provided (and must be wired ON) to 
allow the electromagnet to operate. 

Figure S-14 depict a switch and other wiring 
to eliminate the control X impulse from reach- 
ing the print entry. This job would be wired 
exactly the same using a panel with hubs labeled 
column splits instead of X-eliminators except 
there would be no sv/itch wiring involved. 

Remember, the X-eUminators have switches; 
column splits do not (the function is automatic). 

When alphabetic characters are read and the 
wiring is from read hubs to COMMON and out 
the 0-9 hubs only the numeric digits will exit for 
11 and 12 zone characters. ZERO (0) zone 
characters (S-Z) will be allowed to exit because 
they are within the 0-9 time. 



48L392 

Figure 5-14.-Conlrol panel diigram of X elimjnation. 



DIGIT EMITTERS/SELECTORS 

Frequently we want to print or punch repeti- 
tive information like a date or a decimal point in 
the amount of a check that does not originate 
from a brush reading a punched card. Therefore, 
we have to generate the impulses required. The 
IBM machines have a simple solution to this 
problem. By means of a device called an emitter, 
the machines can generate impulses for all 12 
positions of coding. This is an intemal source of 
current delivered to the hubs of a control panel. 

In general, two types of emitters are used in 
IBM machines. These are called digit emitters 
and digit selectors. 

DIGIT EMITTERS 

A digit emitter is simply a switch with twelve 
positions (figure S-1 5). Each position is acces- 
sible at the control panel and numbered to 
correspond to a punching position. 
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Figura 5-15.-Digit emittsr aciMflMtic 



The switch is internally designed so that the 
12 positions are connected to the source of 
electricity one at a time, in time with the read 
cycle of the machine. Thus, the 12-hub emits an 
impulse at ihe same time that a 1 2-hole would 
be read in the card. The 1 1-hole would be read, 
etc. 

When these impulses are wired to other 
machine functions, they have the same effect as 
if the corresponding holes had been read from a 
card. 



If, for example, this emitted digit is con- 
nected by a control-panel wire to a punch-entry 
hub, each card passing the punches is punched 
with a 2. 

Figure 5-8 shows that the interpret emitter 
hubs are active as normal exits during the exact 
degrees as the read impulses (Interpret Read). 

An example of control-panel wiring for nu- 
merical punching is shown in figure S-17. Wiring 
necessary to punch the date 9-17-60 into each 
card as it passes the punch station is illustrated. 

Another type of digit emitter that may appear 
on a control panel is shown in figure 3-18* This 
emitter is not automatic. It must have its switch 
(C) wired on before the impulses are available 
out of the corresponding 12 through 9 hubs. 
This is similar to the case of X-eliminators and 
column splits. 

What really happens is that the right hub of 
the switch is the exit hub for all 12 of the timed 
impulses. When this hub is wired to the left hand 
hub, it delivers the impulses to the other hubs 
by internally timed connections. At 1 2 time the 
internal impulse comes out the right hub of the 
switch, into the left hub and then out the 12 
hub. This same sequence happens for the other 
timed impulses, but the internal connection 
changes so each impulse is available out of its 
own (and only its own) labeled hub. 

This DIRECT IMPULSE (right hub of switch) 
can be wired into the left hub C (common to all 
the others), and the internal connections are 
automatic. Internal switching of connections 
happens regardless of what is wired into the 
COMMON hub. Because of this, a read hub may 
be wired into the COMMON hub, and any 
specific punch from a column may be selected 
out. This ability classifies this unit as a DIGIT 
SELECn'OR even though it is labeled as a digit 
emitter. 



Emitter Exit Hubs 

The arrangement of emitter exit hubs varies, 
depending on the type of machine, but the hubs 
are all used for the same basic functions (figure 
5-16). 

An impulse is available from the emitter exit 
hub labeled 2 during 2-time of each card-feed 
cycle. This 2 can be used to perform any 
function a 2 punched in a card can perform. 



DIGIT SELECTORS 

Any read hub can be wired into COMMON of 
a digit selector. Once this done, all impulses that 
are read from the column are delivered to the 
COMMON hub. The internal switching of com 
nections will take place automatically. There- 
fore, if a 5 punch were read, it would be 
delivered to COMMON and available only out of 
the 5 hub(s). If the 5 hub is not wired to a 
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Figura 5-16.-Control panti hub$, wnittMr txils. 



punch hub» the 5 wUl not be punched. If, 
however, there is also an 8 punch hi that card 
column (or in any other card) and the 8 hub is 
wired to the punch hub, the 8 would punch but 
not the S. 

With the digit selector any one or com- 
bination of punches from a column of each and 
every card read, with which we want to be 
concerned, can be selected and treated as the job 
requires. No matter what punch or combination 
of punches are read, only the one(s) selected 
(wired for) will be considered. 



As an example, suppose the job called for 
only those personnel of Pay Grade E-S in a 
personnel file to be LISTED (printed on a 
report). You could, of course, use the sorter and 
select these cards out, but that would divide the 
file. 

It could be done by wiring from the read hub 
of the column containing pay grade to the 
COMMON hub of a digit selector. From the S 
hub you could then whre to controls allowing 
the machine to UST. No cards except the ones 
containing a 5 in the pay grade Held would list, 
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Figura 5-18.-Control panal hubi. digH Mtector. 

as that would be the only time the machine is 
told to list. 

As all digit selectors have a COMMON hub as 
part of the unit (figure 5-18) any digit selector 
can be an emitter. This is accomplished by 



wiring a direct impulse into the COMMON hub 
and selecting out those impulses desired for 
numeric digits or in combination for alphabetic 
or special characters. 

Digit selectors are useful in many respects and 
will be discussed further in this manual, espe- 
cially in the chapter on ACCOUNTING 
MACHINES. 

SELECTING 

Selection, in the usual sense of the word, 
means making a choice or decision. 

In DP terminology we mean exactly the same 
thing, but it is a choice of electric impulses. If 
a choice is to be made by a machine, it must 
be set up by means of the control panel, using 
a SELECTOR. 

The use of selection is basic in most IBM 
machines. Although the operation of the 
selectors can be slightly different in various 
machines, their basic operations are the same. 

An understanding of the principle and uses of 
selection is essential for data processors using 
electric accounting machines. 

SELECTORS 

Consider the column spUt. Fundamentally, it 
is a selector. 

The column split consists of the C (COM- 
MON) hub, 0-9 and 11-12 hubs, an armature, 
and a magnet that is energized automatically 
between 0- and 1 1-time. A selector consists of 
the same parts: a magnet, an armature, and three 
control-panel hubs. 

A selector differs from a column split in these 
ways: 

1. The labeling on the control panel is dif- 
ferent. Both the selector and the column split 
have a C (COMMON) hub. The function of these 
hubs is the same in both cases, for the C hub is 
internally connected by means of the armature 
to only one of the other hubs at any one time. 

The other hubs on a column split are called 
0-9 and 11-12. On a selector they arc called 
NORMAL and TRANSFERRED (figure 5-19). 

The NORMAL hub gets its name from the 
fact that, when the magnet is not energized, the 
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Figura 5-19.-Sel6ctor ichematic. 



annature is in its usual (nonnal) position, and 
the internal connection is between the COM- 
MON and the NORMAL control-panel hubs. 

The TRANSFERRED hub gets its name from 
the fact that when the magnet is energized, the 
armature is transferred, and the internal con- 
nection is between the COMMON and 
TRANSFERRED. 

2. The transfer of the selector armature is 
NOT automatic. The column split annature 
transfers from the 0-9 to the 11-12 connection 
during each card-feed cycle, and this tranfer is 
automatic. No special control-panel wiring is 
required to energize the magnet and cause the 
transfer of the armature. The selector differs in 
that the armature NEVER transfers without 
special external control-panel wiring. 

Each selector has one or more PICKUP hubs, 
which are entries to the magnet. The magnet is 
not energized, and the annature does not trans- 
fer, unless a pidcup hub has been impulsed. 

Because it is necessary to impulse the magnet 
of a selector through its pickup hub, you will 
hear people say, **the selector has been picked 
up" or, "the selector has been picked.'* All that 
means is that the pickup hub was wired, and an 
impulse to the magnet caused the armature to 
transfer. 

The selector must have its pickup hub wired 
from a control station (X read brushes) or the 
first read station of a two read station machine 
to control the selector properly at the time the 



card is at the action station. The action station is 
the station from which the reading affects actual 
printing, punching, adding, subtracting or 
comparing. 

Once the selector has been transferred, it will 
remain in the transferred state for at least the 
rest of the cycle for which it was transferred. 

Selector Pickup Hubs 

Selectors can be used in a variety of ways. 
Accordingly, the selector pickup hubs vary as to 
the type of impulses they accept to cause the 
transfer of the selector. Although the labeling of 
pickup hubs differs the basic function of the 
hubs is the same, for in each case the pickup hub 
is the entry hub to the selector magnet. When an 
ACCEPTABLE impulse is brought to the pickup 
hub, the selector is conditioned to transfer at an 
appropriate time. 

X-PICKUP hubs are so labeled because they 
often accept X-impulses only. The name of these 
hubs is not always precise, for the hubs some- 
times accept 1 2-impulses as well as X-impulses, 
depending on the type of IBM machine. 

D-PICKUP hubs are designed to accept all the 
digits 0-9, and the 1 1 and 1 2 impulses. Any card 
impulse wired to the D-PICKUP reaches the 
magnet and causes the transfer of the selector. 
Frequently the selector is designed so that any 
machine impulse can be wired to the D-PICKUP 
to cause the selector to transfer. 

DIGIT PICKUP in the 557 operates Uke 
D-PICKUP on other machines. It allows any 
digit (0-9) or the 11- or 12-punch to reach the 
magnet and cause the transfer of the selector. 

X-0 SPLIT or CONTROL X PICKUPS in the 
IBM 557 Interpreter accept impulses from two 
different sources: 

1. An X-punch read at the pre-sense or 
CONTROL-X READ station 

2. Impulses from X-0 SPLIT exit hubs in the 
557 control panel 

The timing chart (figure 5-8), again, explains 
how and when things happen for a particular 
type machine. The control X read is an exit 
from the read X brushes (only the 11 timed 
control impulse in this example), which can be 
delivered to the X-0 split or control X selector 
pickup (an entry at this same riming). 
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The digit selector pickup is shown as an entry 
for the entire read cycle which may then be 
wired from interpret read to cause immediate 
transfer of the selectors. 

What is evident is that the selector(s) may be 
transferred prior to read time and remain so 
during all 1 2 impulses or transferred at any one 
of the 12 timings during read. If transferred 
during read time, it remains transferred for the 
remaining digits to be read. 

Data Selection 

Under column splits it was mentioned that 
the three labeled hubs may be either entries or 
exits. This holds true for selectors also. It all 
depends on whether they are wired into or out 



of, as they do not emit (or read) impulses or 
control functions. Selectors simply provide a 
means of rechanneling impulses. 

The way in which the COMMON, NORMAL 
and TRANSFERRED hubs are wired classifies 
the selection ' method as either CLASS or 
FIELD. 

Class selection means that a field in a card can 
he printed (punched, etc.) in either of two 
places on the card, depending upon the presence 
or absence of an 11 punch. Field selection 
means that either of two different fields can be 
printed (punched, etc.) in the same place on the 
card, again depending upon the presence or 
absence of the controlling X punch. 

Wiring for class and field selection is shown in 
figure 5-20. Assume that some cards contain an 
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1 1 punch in column 60, and X brush number 1 
. is set to read that column. X brush number 1 is 
wired to the pickup hubs of selectors I and 2, 
causing both selectors to transfer when an X-60 
card is read. 

For class selection. Field A is read from the 
card and printed in position B wh"n NX-60(no 
X punch) cards are read, and in position C for 
X-SQ cards. For field selection, Field D is read 
from the card and printed in position F when 
NX-60 cards are read, and Field E is read and 
printed in position F for X-60 cards. 

Notice that in class selection the impulses 
travel from the reading brushes to the common 
hubs, and from the normal and transferred hubs 
to print entry. In field selection, the impulses 
travel from the reading taishes to the normal 
and transferred hubs, and from the common 
hubs to print entry. 

When the selector pickup hub is wired from 
the X brushes, the control X causes the selector 
to be transferred before the card containing the 
1 1 punch reaches the reading brushes, thereby 
permitting all 12 punching positions to be 
selected. The nonpresence of a control X leaves 
the selector normal for all 1 2 digit readings of 
the NX-60 card. For these reasons either alpha- 
betic or numerical data can be selected by the 
same control panel wiring. 

It should be noted that one selector position 
consists of three hubs, but each position does 
not have its own pickup. In figure S-20 selector 
pickup hub 1 controls the first set of five 
selector positions. Each set of five has one 
common pickup. Generally selectors are 
arranged (and controlled) in sets (groups) and 
are outlined on the control panel. The group is 
then referred to as selector 1 (2, 3, or 4) 
corresponding to the numbered pickup hubs. 

When the pickup is impulsed, all positions (5 
in this case) of the selector are transferred at 
once. This does not mean that you can wire into 
common of position 1 and get the impulse out 
of the Normal or Transferred hub of a different 
position within the group. What goes in the C, N 
or T hub comes out of the C, N or T hub in its 
own position (vertical).- 

If a field to be controlled is longer than the 
positions available in one selector, two or more 
selectors may be utilized and their respective 
pickup wired from the same control. In figure 



S-20 one X brush controls two different types of 
selection, but the fields do not utilize the same 
selector. Usually fields are separated to ensure 
correct control. 

If fields D, E and F were rewired, they could 
be positioned next to A, B and C so as to utilize 
all of selector 1 and only one position of 
selector 2 as they are controlled by the same 
impulse. If, however, the class selection were 
controlled by X-60 and the field selection by 
X-70, the fields would have to be wired to 
separate selectors so that X-60 would not 
control part of what should be conti-oUed solely 
by X-70 and vice versa. 

PILOT SELECTORS 

Another type selector that should be dis- 
cussed is the PILOT SELECTOR. This type of 
selector is used on only one type of machine— 
the accounting machine. 

It may be utilized for a multitude of pur- 
poses, but its one use of controlling other 
selectors justifies it being discussed at this time. 

Understanding the pilot selector schematic in 
figure S-21(B) is the first step in proper use of 
this unit. 

Figure 5-2 1(A) shows the pilot selector sec- 
tion of a control panel. All hubs in a vertical line 
pertain to one pilot selector. Each pilot selector 
contains a COUPLING EXIT, common X PU 
(pickup), common D PU, IMMEDIATE PU and 
a two-position selector (T, N, C - T, N, C). 

The schematic (figure S-21(B)) shows the 
coupling exit, X, D and I PU's, but only one 
selector. Even though the second selector is not 
depicted, it works in coiuuction with the top 
one. When one is transferred, the other is also 
transferred; when one is normal the other is also 
normal. 

Immediate Pickup 

You will notice in the schematic that all three 
pickup hubs connect to the electromagnet just 
above the armature. The I hub, however, is the 
only one that leads directly to the magnet. This 
means that any acceptable impulse to the I hub 
will cause immediate transfer of both selectors. 
The acceptable impulses include any of the 12 
reading times. 
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(?) SCHEMATIC OF SELECTOR IN TRANSFERRED POSITION 



coupling exit impulse is available immediately at 
the time of, and for the duration of, the 
transfer. 

This impulse is utilized (mainly) to provide a 
control impulse to the pickup of other selectors 
(CO-SELECTORS). Once received by the ay 
selector pickup, the co-selector is immediately 
caused to transfer. This provides the means of 
transferring 5, 10, 15 or more selector positions 
at the appropriate time. In a sense this simply 
expands the pilot selector to be as many 
positions over two as you desire. 

X-Pickup 

The X-pickup accepts only the 12 or 11 
impulse from the read stations. The accepted 
impulse is then delivered to the internal DELAY 
relay unit for later transfer of the pilot selector. 

Once released from the delay unit, the selec- 
tor transfers immediately, and an impulse is 
available from the coupling exit. 

D-Pickup 

The D-pickup accepts all 12 impulses from 
the read stations. The accepted impulse is then 
delivered to the internal delay unit for later 
transfer of the pilot selector. 

Once released from the delay unit, the selec- 
tor transfers, and an impulse is available from 
the coupling exit. 

DELAY UNIT 



4a397 

Figurt S-21.-Filot iitoeton. 

During reading time, then, the two selectors 
may be transferred to allow selection or re- 
routing of the remaining digits to be read from 
the column(s) wired to the pilot selector. 

At the time of transfer, not only does the 
internal transfer take place, but an impulse is 
also made available at the coupling exit. 

Coupling Exit 

Regardless of which pilot selector pickup hub 
receives the impulse to cause transfer, the 



On a machine such as the accounting machine 
no pre-sensing station (or X-brush) is provided 
for control. It does, however, have two reading 
stations. The first reading station in the cards 
path allows a control-X (or any other) punch to 
be read and utilized in a manner similar to 
X*brushes. 

If the column the control punch is available in 
is wired to the correct pickup hub (X if nothing 
but a 12 or 11 is controlling, D if any punch 
present in the column will be acceptable), the 
impulse is delivered to the delay unit. 

In the case of most other machines the 
X*brush read station immediately precedes the 
normal read station. It is, therefore, required 
that the selector utilized be transferred im- 
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mediately to be ready to read the entire card. 
This is not tlie case with accounting maUkines. 

The first read station is a full reading station, 
and if the selector were allowed to transfer 
immediately, it would be too soon. The second 
read station in accounting machines is the 
"action" station. Wiring for printing comes from 
the second read station. It is when the card 
reaches this station that selection should take 
place. 

By delaying the control impulse from acti- 
vating the electromagnet until the card is moving 
to the second (action) read station we can 
properly control selection. This is the purpose of 
the delay relay unit of the pilot selectors. 



In most cases once the impulse is delivered to 
the delay unit, it causes transfer of the selector 
for the next CARD or PROGRAM CYCLE 
Cycles and their influence on when and for how 
long a selector transfers will be further diseased 
in the chapter on accountmg machines. 

The example diagram in figure S-22 depicts a 
pilot selector utilized for control of two units. 
(Numbers on the diagram correspond to the 
paragraphs below.) 

1. First reading 80 is wired to the X pickup 
of pilot selector 1. 

2. NX-80 cards are added by wiring a card 
cycles impulse through the normal side of pilot 
selector 1 to counter control plus entry. 
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At this time card cycles can be thought of 
simply as an emitted impulse available for each 
card feed. 

Counter plus entry causes eddition in a 
counter. 

Counter minus entry causes subtraction in a 
counter. 

3. X-80 cards are subtracted by wiring the 
card cycles impulse from the transferred side of 
pilot selector 1 to counter control minus entry. 
The pilot selector will be picked up if a card at 
first reading is punched with a control X, and 
will be transferred when that card reaches 
second reading. 

4. A 5-digit field can be class selected by 
using a co-selector. However, since the co- 
selector transfers as soon as a pickup impulse is 
received, this impulse must be delayed until the 
controlling card reaches second reading. This is 
done by wiring the control field from first 
reading to the pickup hub of a pilot selector, 
and wiring the pilot selector coupling exit to the 
pickup hub of the co-selector. Thus, since the 
pilot selector will not transfer until the end of 
the cycle on which impulsed, the co-selector will 
not be transferred until the controlling card 
reaches second reading. 

5. The field to be selected is wired to 
common of the co-selector since it is to print in 
one place for X cards and in another for NX 
cards. 

6. The normal hubs of the co-selector are 
wired to print in one place for NX-78 cards, and 
the transferred hubs are wired to print in 
another place for X-78 cards. 

COMPARING 

Comparing, in the usual sense of the word, is 
the process ,of examining the character or 
qualities of two or more persons or objects for 
the purpose of discovering in what way they are 
alike or in what way they are different. Often 
items are set side by side to determine their 
relative value, size, weight, etc., or to establish 
proper relationship. 

Comparing, when used as a term in data 
processing means basically the same thing. How- 
ever, the process of comparing is absolute, not 
relative. No means is available to ascertain how 



much the two or more items are different from 
each other. The IBM machine determines only 
whether two or more items of information are 
or are not identical. The operator by means of 
control-panel wiring, predetermines the oper- 
ation of the machine for either decision, depend- 
ing on the purpose of the function: verification 
or control. 

Verification 

Verification is a process of testing for the 
correctness of punching. For example, after a 
machine has copied or reproduced the holes 
from one card into another card, you should 
compare the holes in the orignal card with the 
holes in the new card to verify the accuracy of 
the punching. 

Control 

Control is the process of directing a machine 
to perform specific operations. For example, 
you may need to check a file of cards to make 
sure that they are in correct ascending or 
descending order, or sequence. It is necessary to 
compare the first card with tlie second card, the 
second card with the third, the third card with 
the fourth, etc. If a card is out of order 
(sequence), you want to control the machine to 
stop so that you can locate the card that is out 
of sequence and refile it in its correct place. 

The cards sliown are in ascending numerical 
sequence (02, 03, 04) in figure 5-23(A). 

The cards shown are in descending numerical 
sequence (04, 03, 02) in figure S-23(B). 

The cards shown in figure 5-23(C) are not in. 
proper ascending or descending sequence. Tl»e 
middle card is out of sequence for ascending 
order, and the first card is out of sequence for 
descending order. 

By comparing the first card with the second, 
the second with the third, etc., an IBM machine 
can recognize that the cards are out of sequence, 
and the machine can be controlled to stop. 

Another example of the need for comparing 
in order to control machine operations is shown 
in figure 5-24. 

This is a report prepared by an IBM account- 
ing machine. As cards are passed through the 
accounting machine, it prints commodity 
number, unit cost, quantity, and sales amount 
from each card. 
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Figure 5>23.-Sequ«nc« •xampie*. 



We also set up the machine to compare the 
commodity number of the first card with the 
commodity number punched in the second card, 
the commodity number of the second card with 
the commodity number of the third card, etc. 

Whenever the machine recognizes, by means 
of its comparing feature, a difference in com- 
modity number from one card to another, the 
machine stops feeding cards and prints a total 



Commodity 
Number 


Unit 
Cost 


Quontity 


Softs 
Amount 


11102 
11102 
11102 


•5 56 
!5 5 6 
;5 5 6 

1 
1 


4 

2 
20 
26 


217 6 
1'3 8 
1318 0 
1 7*9 4 0 


11202 
11202 
11202 
11202 
11202 
112 02 


,'6 6 4 
■6 64 
'6 6 4 
16 6 4 
{664 

^6 6 4 

1 
1 


40 
15 
40 
40 
3 
40 
178 


3 3;2 0 
12;4 5 
3 3>2 0 
3 3!2 0 
2i4 9 
3 3!2 0 
14 7740 
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13102 
13102 
13102 
13102 


16 73 
16 73 
6 73 
16 73 

1 

|709 
(709 
'709 
'7 0 9 
709 
[709 
1 


75 
45 
25 
75 
220 


6 3'0 0 
3 7;8 0 
2110 0 

6 3;oo 

1 8 4,8 0 0 


14202 
14202 
14202 
14202 
14202 
14202 


15 
4 
15 
15 
30 
20 
99 


1343 0 
3<52 
13'2 0 
13;2 0 
2 6.4 0 
17'6 0 

8ri2* 
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Figure 5-24.-Aceounting machint report 



for quality and sales amount. All this happens 
only if the control panel is properly wired. So, 
you see, whether we wish to verify the correct- 
ness of punching, or control IBM machines to 
perform the desired operations, we must 
compare. 

Now, let us see how comparing is done. 
MACHINE METHOD 

Machines compare cards by substituting 
mechanical units for human intelligence. 

An IBM machine reads cards by means of its 
reading brushes. To compare any two cards at 
the same time, it must have two sets of reading 
brushes. One set of brushes reads one card at the 
same time the other set of brushes reads the 
other card. 

When two cards are read by two sets of 
brushes, the movement of the cards is synchro- 
nized, or timed together By this we mean that a 
12-time the 1 2-position of one card is being read 
by one set of brushes, and at the same time, the 
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12-position of the other card is being read by 
the other set of brushes. 

The coniparinc operation takes place in 13M 
machines in the COMPARING MAGNETS. 

If we put a metal bar between two identical 
electro»magnets and take identically timed elec- 
tric impulses to each of these magnets, then the 
metal bar stays in place and does not move 
toward either magnet (figure 505(A)). However, 
if at a given time, only one of the two 
electromagnets receives an impulse and is mag- 
netized, then the bar is attracted to the magnet 
that has received the electric impulse (figure 
f-25(B,C)). 

Comparing Position 

IBM machines use electromagnets in pairs to 
perform the comparing operation. Each pair of 
electromagnets is called a COMPARING POSI- 
TION or a pair of comparing magnets. There- 
fore, there are TWO HALVES to each com- 
paring position or magnet. 

This means that there are two separate sets of 
entry hubs for each comparing position pro- 
vided. (The number of comparing positions 
available depends on the type machine.) 

For example, hubs might be labeled com- 
paring entry A ( with hubs numbered 1 through 
80) and comparing entry B (with hubs num- 
bered 1 through 80). One reading station may be 
wired with card column 5's impulses delivered to 
comparing entry A (hub 1). The card column of 
the other card to be compared must be wirea 
into comparing entry B (hub 1) from the other 
read station. 

This allows comparing position I to have 
impulses delivered from cards at two different 
synchronized read stations. 

Whenever you are using a comparing position, 
remember that if you use one half of a com- 
paring position to record the reading of one 
card, then you must use the other half of that 
same comparing position to record the reading 
of the other card. 

TWO CONDITION COMPARING 

For a concrete example of how comparing 
magnets are wired the reproducing punch can be 



used. Assume that you are comparing the 
punching operation. 

First, you must understand the basic idea of a 
reproducer. Refer to figure S-2^^ for the fol- 
lowing explanation. 

Two separate (synchronized) card feeds are 
available. The read hopper holds the old 
punched cards. The punch hopper holds the 
blank cards that are to become duplicates ot 
part or all of the old cards. 

A card is fed from both hoppers at the Si\mc 
time. A panel is wired to allow what is read by 
the reproducing brushes to be delivered to the 
punch dies to cause identical punching. This is 
indicated by the arrow headed line labeled 
PUNCH. 

To ensure that identical punching took place 
both cards are read at the next read station in 
their card path. Figure 5-27 shows that the 
comparing brushes are wired to one entry of a 
comparing position and the punch bnishes to 
the other side of the same position. This causes a 
K-ading from the old card and the new card to 
be directed to one set of electromagnets. 

Figure 5-28 shows a properiy wired panel 
diagram for reproducing and comparing one 
field of a card file. If the field had been wired 
from punch brushes to comparing positions 1 to 
6, then the comparing brushes would also have 
to be wired to I to 6. 

In a reproducer if a ditTerence is detected by 
any one of the comparing positions, the machine 
stops. This means one of the electromagnets of a 
set was energized when the other was not. An 
• indicator on the machine tells the oixirator 
which comparing position did not match. The 
operator must then take corrective steps before 
continuing the ov>eration. 

The accounting machines comparing feature 
operates in about the same manner. In this tyiw 
machine, however, a comparing nonniatch does 
not automatically cause the machine to luilt. 
The unequal condition can be used for control- 
ling printing functions (figure 5-24) or whatever 
else you may desire. 

The ivprotl"*^*^!^ and accounting machines 
both utilize this "two condition" type com- 
paring. Results are either EQUAL or 
UNEQUAL. 
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Figure S-2S.-Comp«ring conditiom. 
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Figure 5-26.-Reproduc«r punch Kh«iMti& 
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Figure 5-27.~Reproduoer punch and 
oomparing tchematic. 
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THREE CONDITION COMPARING 

Lot*s cliange our machine type unU use a 
schematic similar to that of a collator iCmtrc 
5-29). 

With this setup tor comparing, the cards enter 
the niachinc 9 edge first and arc wad by station 
B first. Once cards are at both stations, com- 
paring takes place between cards in the same 
teed path. The second card is compared to the 
first: third to the second, etc., by proper control 
panel wiring. Therefore, each card except tlu* 
first and last to enter the machine is ct)nipared 
twice, once with the card ahead of it and once 
with the card behind it. 
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Figure 5-28.-Wiring for comparing. 



Proper wiring is: read station A wired to 
conipuring magnet, side A, and read station B 
wired to the other side of the same position. 

Figure 5-2^) shows the normal state of the 
magnets. This exists if the cards at both stations 
contain identical (HQUAL) punches in the col- 
umns wired. 

The armature will be pulled to one magnet or 
the other, depending on which magnet is im- 
pulsed first, just as with two way comparing. 

Figure 5-30 indicalcs what will happen if a 
punch is encountered at station B before one at 
station A. (Remember, cards are fed 9 edge 




C0VPARIN6 MAGNETS 
SIDE A 



COMPARING MAGNETS 
SIDE B 
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Figure 5-29.-3-way comparing (equal). 



first.) This unequal condition does not automati- 
cally halt the machine. 

If we were checking to ensure a file were in 
proper ascending sequence, and the arrangement 
was as in Figure 5-30, this would be an 
acceptable condition. Even though comparing is 
unequal, it is a step-up condition - 5 to 6). This is 
proper ascending and we do not wish to halt 
operation. This will later be called a HIGH 
condition. 

The opnosite magnet would be energized if 
the cards had entered in reverse order. Figure 
5-31 illustrates this condition. If we were still 
checking ascending sequence, this particular 
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Figure 5-30.-High condition. 
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Figura S-31.-Low condition. 

• 

condition would indicate an error (the 6 pre- 
cedes the 5). This will later be called a LOW 
condition* 

So far we are still discussing two way com- 
paring (equal or unequal). In sequence checking 
with a collator^ however, we must be able to 
split the unequal condition. By adding a few 
internal connections to our basic schematic, 
three conditions instead of two become easily 
attainable. 

Equal Sequence 

Figure 5-32 shows the additional contact 
points and a current flow. It also Jiows three 
hubs that are available on a control panel. The 
internal impulse will he directed to one of these 
hubs. 

When neither magnet is impulsed, the arma- 
ture does not moye and we have an EQUAL 
condition (figure 5-32). In this case the impulse 
is available at the EQUAL hub for your use* 

Low Sequence 

When you are checking ascending sequence 
flies and the cards are out of sequence, it is 
signaled by a LOW condition (figure 5-33). This 
occurs when a digit in the card at station B is 
lower than the card at station A* That is, a 
punch was detected at station A before station 
B. In this case the comparing magnet would trip 
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Figura &32.-Equal atqiMiM. 
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to the left and direct the impulses to the LOW 
hub. This is known as LOW SEQUENCE. 

Low sequence is an error condition for 
ascending sequence, and the LOW hub would be 
wired to a stop hub to halt the machine. If the 
file were in descending sequence, this would not 
be the error condition. 

High Sequence 

If in ascending sequence, the card at station B 
is higher than the card at station A, it is correct 
(figure 5-34). This represents proper ascending 
sequence. The armature would, however, trip to 
the right and cause an impulse to be available at 
the HIGH hub. This is known as HIGH SE- 
QUENCE. The HIGH hub would be wired to a 
stop hub for sequence checking descending 
sequence files. 

For collators the card that is wired to 
comparing entry B is the one that establishes the 
comparing difference. It is always HIGHER 
than, LOWER than, or EQUAL to the card 
reading wired to comparing entry A. 

The information in this chapter was presented 
in rather general terms. As was pointed out in 
the beginning, it was not the intent to familiar- 
ize or restrict you to a specific machine. The 
purpose was to inform you of those functions 
and operations that are similar in many different 
machine types. 

Your knowledge of functional wiring prin- 
ciples should prove to be an important factor for 
you. 

IBM EAM TECHNICAL MANUALS 

This manual presents the technical infor- 
mation sufficient for advancement in paygrades 
E4 and ES. 

Your job. assignment in the Navy may require 
much greater knowledge of specific machines. If 
you find yourself in this position, there are a 
few things you may do. 

First, consult your immediate supervisor. Re- 
quest (if not offered) any on-the-job or formal 
classroom training provided by the command. 
You will be given one or both of these in most 
cases. 




« OLOW 

49.409 

Figura &^.-High sequenoa. 

To supplement this manual, on-the-job train- 
ing and classroom trainmg, you may make use of 
the many manufacturer's technical reference 
manuals. 

These manuals are written for ease of under- 
standing. They do, however, require that you*be 
familiar with data processing terminology. 

Generally speaking, the material covered in 
these reference manuals includes: 

MACHINE SPECIFICATIONS-such as 
speeds, hopper and stacker capacities and ma- 
chine part nomenclature. 

MACHINE FUNCnONS-such as printing, 
punching, listing, adding and subtracting. 

MACHINE CONTROLS-Ughts, switches keys 

and stations. 

OPERATION EXAMPLES-detailed narra- 
tives and wiring diagrams of functions capable of 
being performed. 

TIMING CHARTS-location of hubs, their 
own degree of exit or entry time, cycle infor- 
mation and related notes. 
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You have learned that data processing ma- 
chines read cards by sensing the punched hole. It 
h possible also for you to determine the 
contents of a card by reading the punched holes, 
but this is a slow and tedious process. Inter- 
preters are designed to read the holes punched in 
a card and print the data across the card. This 
makes it possible to use punched cards for many 
applications which would otherwise require the 
use of printed forms. For example, rotation data 
cards can be machine prepared, interpreted, and 
forwarded to activities for recording of data on 
personnel that are due for rotation. Muster 
cards, paychecks, and many other types of cards 
can be prepared and interpreted for use outside 
the data processing installation. You will fmd 
many uses for interpreting within your own 
installation. Each file of cards you maintain is 
usually interpreted in some manner to provide 
ready reference to the contents of the cards. 
Interpreted cards provide assistance when you 
refer to a file for a particular item of infer 
mation. Manual card filing is made easier when 
the cards in the file as well as those to be Hied 
are interpreted. 

This is the first chapter on data processing 
machines which deals with wiring a control 
panel to direct machine operations. While the 
interpreter is relatively simple to wire and 
operate, a thorough understanding of the wiring 
principles presented in this chapter will enable 
you to better understand the wiring principles 
involved for machines that are more com- 
plicated. 

The operating principles of all popular types 
of interpreters are basically the same. However, 
in order to acquaint you with their different 
characteristics each machine will be discussed 
separately. 



INTERPRETER, TYPE 548 

The type 548 interpreter, pictured in figure 
6-1 is designed to translate numerical and 
alphabetic punched card data into printed chai^ 
acters across the face of the card. Printing is 
performed by a set of 60 typebars, allowing for 
printing a maximum of 60 characters on one line 
in one pass of the cards through the machine. 
Data can be printed on either of two printing 
lines, called UPPER LINE and LOWER LINE. A 
space or spaces may be left between different 
items of information. If all the data to be 
interpreted cannot be printed on one line, the 
remainder can be printed on a second line by 
rotating the printing position knob and passing 
the cards through the machine again. Flexibility 
of control panel wiring provides for printing the 
data in any sequence desired. Interpreting pro- 
ceeds at a rate of 60 cards per minute. 

OPERATING FEATURES 

The MAIN LINE SWITCH supplies power to 
the machine, and must be ON for all machine 
operations. A green READY LIGHT goes on to 
indicate that the machine is ready for operation. 
The START KEY is depressed to start card 
feeding. It must be depressed and held until 
three cards have been fed in order for contin- 
uous card feeding to be effective. The STOP 
KEY is depressed to stop card feeding. 

Hopper 

The card hopper holds approximately 700 
cards. Cards must be placed in the hopper with 
the face up, and the 1 2 edge toward the throat 
of the hopper. When the last c wd leaves the 
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Figure 6-1.-' 



hopper, it wUl be interpreted and staciced 
automatically. 

Stacker 

The card stacker, located directly beneath the 
hopper, holds approximately 900 cards. If the 
stacker becomes filled, card feeding is automati- 
cally stopped. The cards must be removed from 
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the stacicer and the start key depressed in order 
to resume interpreting. 

Printing Position Knob 

Sixty characters can be printed on either of 
two lines across the face of the card. Upper line 
printing occurs along tlie top edge, above the 12 
punching position. Lower line printing occurs 
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between Ihe i: .irul I I puiKliinj- positions. The 
line to be printed Lun he manually selected by 
rotating the printing position knob, located in a 
recess on the back of the machine, to the desired 
position (see lifi. (^^2). When the knob is set at U. 
printing occurs on the upper line. When it is set 
at L printing will be placed on the lower line. 
The printing line can be easily selected by 
pulling the knoh and turning it clockwise for 
upper line printing, or counter-clockwise for the 
lower line. 
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Figure 6-Z-Printing position knob. 

A deck of cards to be interpreted on upper 
and lower line printing must be fed through the 
machine twice. Not only must the print position 
knob be reset for the second pass of the cards, 
but a different control panel must be used. 

If the same panel were used, the same 
characters would print on both the upper and 
lower line, liither a different permanent wired 
panel is inserted, or the control panel is rewired 
to print those columns not printed on the first 
pass. 
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INTERPRETING FEATURES 
X Brushes, Terminal Block 

Interpreting of X or NX (no X) cards can be 
controlled with the use of selectors impulsed 
from any one of five X brushes located unoer 
the top cover, just to the left of the hopper. The 
five X brushes, as shown in figure 6-3, can be 
manually positioned to cover any five non- 
adjacent card columns. Two columns must 
separate adjacent brushes. 

The X brush is wired to the X brush terminal 
block, which is a five hub panel located near the 
X brush station. When the X brush reads an X 
punch, the current is passed through the termi- 
nal block and is available at the corresponding X 
brush hub on the control panel. 

The X brushes are timed to read only X-timed 
pulses and are normally used to pick up selec- 
tors, as indicated in the timing chart in figure 
6-24. 

Reading Brushes 

A card is read by a set of 80 reading brushes, 
one brush lor each column. As a card feeds from 
the hopper, it passes between these brushes and 
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an electrical contact roller. Whenever a punched 
hole in the card is sensed by a reading brush, an 
electrical impulse travels from the roller through 
the brush, and is directed by control panel 
wiring to the typebar. 

All punching positions 12 through 9 in any 
column of the card can be read as the card 
passes the reading brushes. All 12 punches are 
read first, followed by the 1 1 punches, then the 
zero punches, and so on through the 9 punches, 
since the cards are fed 1 2-edge first. However, 
the machine will recognize only the first zone 
and the first numerical punch sensed by a 
reading brush. Thus, if a column is punched with 
several zone and numerical punches, the ma- 
chine will combine the first zone punch and the 
first numerical punch sensed by the reading 
brush to produce an alphabetic character. For 
example, if a column is punched with a 12, 11, 
3, and 8, the 12 and 3 punches would be 



combined to print the letter C. Or, if a column is 
punched with several numerical punches but no 
zone punches, the first numerical punch read 
will be printed. For, instance, if a column is 
punched with a 2, 5," and 9, the 2 would print 
since it is the first digit read. 

The brush assembly is located just under the 
hinged top cover of the machine, to the left of 
the feed hopper. Access to the brushes may be 
gained by raising the front part of the cover. 

Print Unit 

The printing mechanism consists of 60 type- 
bars, each containing 39 printing characters: 10 
numerical (0 through 9), 26 alphabetic (A 
through Z), and 3 optional special characters. 
These special characters are actuated by a single 
1 1 , single 1 2, or combination 0-1 punch, as seen 
in figure 6-4. 




SPCCM. CHMMCTER FROM 12 PUMCHWO 



IF 12 IS PUNCMO BAR POSITIONS HCftC 
FOR MOVEWCNT THROUOH * TO I 



SPECIAL CHAIUCTER FROM II PUNCHINO 



IF II IS PUNCMCO BAR POSITIOMS HERE 
FOR MOVEMENT THROUOH J TO R 



IF 0 tS PUNCHED MR POSlTlOMt HERE 
FOR MOVEMENT THROUGH S TO Z 



POSITIONS HERE WITH NOTHING PUNCHED 



I 

o 

I 



I 



IF NO PUMCHINO IM tt*ll-0 IM MSITIOM HCIIC 
Hm MOVCHCNTS THUOUQH t TO d 



uNurcHtt moM vtPt m as tt-n on o 

It RCAO PROM OMO 

itiicTi Momi CHtfuemiit within zonc on 

ONOUP At > - t AM ftUD 



Figuro fr4.«-Uyout of 548 typobar* 
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figure 6-5.-liiterpretsr printing positions. 
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In order to print in specific locations across 
the card, exact typebar positions must be 
determined before wiring the control panel. 
Since there are 80 columns in the card and only 
60 typebars, the ratio of typebars to card 
columns is 60 to 80, or 3 to 4. This means that 
printing positions do not align over card 
columns. 

Figure 6-5 shows each printing position in 
relation to the card columns. 

Ribbon 

The ribbon in the print unit is a little wider 
than the length of the card. It moves a little each 
time a card is interpreted, and reverses direction 
automatically. It does not normally require 
attention until the printing on the cards be- 
comes too light to be legible. At this time, it 
should be replaced by a new ribbon, following 
the procedure described under operating sug- 
gestions. 

CONTROL PANEL 

The control panel for the 548 is depicted in 
the wiring diagram in Hgure 6-6. The hubs on 
the panel are as follows: 

Reading Brushes 

There are 80 hubs representing one exit for 
each reading brush. 

X-Elimination 

There are two groups of X-eliminators. Each 
group consists of 10 positions. One is standard 
equipment for the machine. The other is op- 
tional and may be activated upon the user*s 
request if the jobs run require more than 10 



X-elimination actions. (All optional features are 
indicated as shaded areas). 

There is also one switch for each group of 
X-eliminators. 

Selectors 

There are four selector groups (two optional) 
of five positions each. There is also a PU hub for 
each selector. 

Print Entry 

There are 60 common hubs. Each represents 
an entry to activate its respective typebar. 

X-Brushes 

There are five common (even though no 
connecting line appears) hubs. Each hub repre- 
sents an exit for a corresponding X reading 
bursh (figure 6-3). 

Zero Elimination 

There is one group of 20 positions for control 
of zero elimination. (This is used in controlling 
the nonprinting of high order zeros of numeric 
fields and will be explained later.) 

Control panels are sometimes interchangeable 
between types of machines. If this practice is 
observed, paper overiays are utilized for correct 
identification of the hubs. The overiays are 
similar to the wiring diagrams and are placed on 
the face of the control panel. 

PRINCIPLES OF CONTROL 
PANEL WIRING 

Control panel wiring for typical operations 
which may be performed on the type 548 is 
discussed in the following paragraphs. 
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Normal Printing 

The arrangement of printing on a card is 
determined by control panel wiring. For ex- 
ample, if card column 5 is to be printed in print 
position 51, you would connect a wire from 
reading brush hub 5 to print entry hub 51. If 
card columns 28 through 32 are to be printed in 
print positions 35 through 39, you would wire 



reading brush hub 28 to print entry hub 35, 
reading brush hub 29 to print entry hub 36, and 
so on. Figure 6-6 shows the method in which the 
control panel is wired for normal printing. 

Normal printing is a term pertaining to all 
fields that are wired directly from reading 
brushes to print entries with no other controls 
necessary (e.g.,-X-elimination or zero elimi- 
nation). 



10 II 12 13 14 15 16 17 18 19 20 21 22 
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Figure 6>6.~Nonnal printinfl. 
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Most installations will have what is called a 
60/60 board. This is a permanently wired board 
for interpreting the first 60 columns of cards. 

Controlled Interpreting 

The explanation of selectors found in the 
chapter on functional wiring principles should 
be reviewed at this time. 

Controlled interpreting involves selectors, 
selector pickup hubs, X brushes, reading brushes 
and print entry hubs. 

Master cards, detail cards and X cards are 
ulili/ed for controlled interpreting and are de- 
fined in the following paragraphs. 

MAS n-R CARDS. -Those cards which either 
singularly or collectively (a file) contain rela- 
tively permanent data, or those cards that are 
treated as an authority (primary card, primary 
file) in a particular job. 

Master cards are usually, but not always, 
identified by an 1 1- or 12-punch in a specific 
column. This provides a means of identification 
for use in control panel wiring or sorting 
operations. An example is a master card file 
containing (on each card) a man's social security 
number, full name and other service record data. 

Din AIL CARDS. Those cards which contain 
relatively transient data to be processed in 
combination with corresponding master cards. 

An example is a card that contains social 
security number and secondary or additional 
information to a master card. No name appears 
on it. 

By matching a detail curd to its corresponding 
master caru (social security number would agree 
on both), a complete report could be run on the 
man's Navy career. If the master cards do not 
have an identifying control punch, the detail 
cards will. 

X CARDS. These are not necessarily the X 
punched master or detail cards although some 
commands refer to X and NX cards rather than 
detail and master. X cards are file cards requiring 
special handling. 

There may be master cards, detail cards and X 
cards (special master or detail cards) in a file. An 
example is a file of master cards with a control 
X punch in column 80 of all cards and another 
X punch in column 72 to denote a reservist. 



For an example of controlled inteipreting 
let's assume an interpreting job is to be per- 
fonned on the combined file shown in figure 
6-7. 

The following is information about the files: 

X-80 master cards with an"X" in column 72 
have USNR punched in columns 55 through 58. 
The other X-80 master cards are blank in 
columns 55 through 58. 

X-80 master cards have the serviceman's name 
punched in them. NX 80 detail cards do not 
have names (only matching social security 
numbers). 

NX-80 detail cards have information punched 
in card columns 56 through 60. They also can 
have alphabetic information punched in card 
columns 70 through 76. 

This job requires a panel to be wired to 
accomplish the following: 

1. Interpret social security number on all 
cards from columns 1-9 into print positions 1-9. 
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Figura 6-7.-MMttr tnd dKiil oomUntd file. 
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2. Interpret the man's name from columns 
61-71 ofallX>80 cards into print positions 21-31. 

3. Interpret columns 55-58 (USNR) into 
print positions 57-60 from all X-80/X-72 cards. 

Figure 6-8 is a correct wiring diagram for the 
required wiring. The circled A wiring on the 
figure allows for each and every card (X and 
NX) to have social security number interpreted. 

The circled B wiring is for interpreting the 
name field for only the X-80 cards. This field is 
wired through the transferred side of selectors to 
allow the read impulses to reach the print entries 
for X-80 cards only. (X-brush 1 is reading 
column 80 and wired to SEL PU's 1, 2 and 3.) 



The circled C wiring is to interprcd USNR in 
print positions 57-60 for all X-80 cards that also 
have an "X" in 72. This field is wired through 
two selectors, each picked up by a different 
X-brush (X-brush 2 is set on column 72 ). 

Selector number three allows the information 
to transfer through on an X-80 card to selector 
number four. Selector four is transferred on an 
X-72 card and allows the interpreting. This 
ensures that it is a master (X-80) card for a 
reservist (X-72). 

A single X-80 or a single X-72 will not allow 
the interpreting of USNR. Remember h was 
stated that the NX cards would have alphabetic 
data in column 72. Therefore, if we wired the 
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Held through only one selector controlled solely 
by X*72, the selector could be transferred for 
detail cards as well as master. 

X Etimuiation 

Some numerical fields in a card may contain 
an 1 1 or 12 punch over one of the columns for 
purposes of identification or control. If the 
column containing the 11 or 12 punch were 
wired directly to a print entry, the control 
punch would combine with the numerical punch 
ill that column and cause an alphabetic character 
to print. The control punch can be prevented 
from reaching the print entry hub by using the 
X eliminator. 

The X eliminator splits a card column 
between 0 and 1 1 punching positions. There is a 
common hub, a hub for 11-12 impulses, and a 
hub for 0-9 impulses. A connection exists 
between the common and 11-12 hubs whenever 
the 11-12 punches in the card are being read by 
the reading brushes. This connection automati- 



cally changes after the 1 1 position has been read 
so that the common and 0-9 hubs are connected 
while 0-9 punches are being read. 

Assume you have the credit amount of 10327 
punched in card columns 53 through 57, with an 
1 1 punch in colunm 57 to identify the amount 
as being a credit. If you wired column 57 
directly to a print entry hub, a P would print. 
However, if you wired it first to common of the 
X eliminator and out of the 0-9 hub to a 
typebar, a 7 would print. The 1 1 punch can be 
wired from the 11-12 hub to a print entry left or 
right of the amount to identify it as a credit. 
The control panel switch for the X eliminator 
must be wired ON for this operation. If the X 
eliminator switch is not wired, the common 
hubs will be connected to the 1 1-1 2 hubs for the 
duration of each card cycle, and any impulse 12 
through 9 entered into a common hub is 
available from the corresponding 11-12 hub. 

Figure 6-9 shows how the wiring for X 
elimination is accomplished. Columns 53 
through 56 are wired normally. Column 57 is 
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wired througli a position of the X eUminator so 
that the units position of the field will be 
printed numerically. The 1 1 punch causes type- 
bar 10 to print a special character provided that 
typebar has been equipped to print a character 
from an 1 1 punch. 

Zero Elimination 

If a numeric field is wired normally or 
through selectors on the 548. all zeros punched 
and read will print. In those cases where many 
fields arc interpreted the fields will be printed 
right next to each other. This often causes 
confusion when trying to read the interpreted 
card. 

One way to alleviate this congestion is to wire 
the numeric fields for zero elimination. This will 
eliminate the interpreting of high order zeros. 



If a field contained the number 0041440 and 
were normally wired, it would print as 0041440. 
If, however, it were wired for zero elimination, 
it would print as 41440. (The high order zeros 
or zeros to the left of the first significant digit 
do not print.) 

To accomplish this let's assume the number 
004 1440 is in columns 70-76. Figure 6-10 shows 
the correct wiring for zero elimination of this 
field. 

The field is wired normally from reading 
brushes to print entries. It is then wired from 
the print entiy common hubs to the top row of 
the zero elimination section. (Any group of 
these zero elimination hubs may be used, but all 
of those used for one field must be adjacent.) 
The hubs below (rows U, V and W) are then 
wired as the panel labeling indicates. The high 
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oidci (left) position of the field is wired 
between rows U and V. All other positions of 
that field are wired between rows V and W. 

OPERATING SUGGESTIONS 

Operating an interpreter is simple. Since it 
requires attention only about every 10 minutes, 
to refill the hopper and empty the stacker, you 
may perform other jobs at the same time. 
However, there are a few points you should 
remember about operating the interpreter. 

1. Always use a test card or cards before 
starting an operation. This in necessary to 
determine if you have the right control panel, or 
if the panel you have just wired is wired 
correctly. The use of tests cards determines also 
if the machine is working properiy. 

2. Be sure to check the printing position 
knob before you start each operation. Make 
certain it is turned to the line on which you wish 
to print. 

3. Joggle cards to arrange them in perfect 
alignment before placing them in the hopper in 
order to avoid card feed failures. 

4. Remember that, because the cards are fed 
FACE UP, the last card in the handful placed in 
the hopper will be the first one of that group to 
be interpreted. If you are interpreting cards that 
must remain in the order they are in, you must 
start at the back of the file and work toward the 
front. You must return the interpreted cards to 
the file in the same manner in which they were 
removed. 

5. If the machine stops with the hopper 
loaded and the stacker not filled, check the last 
card fed into the stacker. If this card did not 
stack properly because of folding or pleating, 
remove the damaged card and check to deter- 
mine if it should be repunched in order to avoid 
feeding trouble in later machine operations. 
Remember that you must check all repunched 
cards to ensure that they are exactly the same as 
the original ones. 

Ribbon Changing 

When the printing on the cards becomes too 
light to be legible the ribbon should be 



replaced by a new ribbon, following the proce- 
dures outlined in figure 6-11. 

INTERPRETER, TYPE 557 

The type 557 interpreter, shown in figure 
6-12, reads data punched in a card and prints 
that data across the card at the rate of 100 cards 
per minute. Printing is performed by the set of 
60 typewheels, allowing for printing a maximum 
of 60 characters on one line in one pass of the 
cards through the machine. A total of 25 lines 
can be printed across the card by setting the 
printing position dial to the desired line. Figure 
6-15 illustrates the 25 lines of printing. Cards 
must be passed through the machine one time 
for each line to be printed. 

However, in addition to the usual interpreting 
operations, the type 557 interpreter can be 
equipped with several special devices which 
broaden the range of applications that may be 
performed. The following paragraphs will give 
you an idea of some of the additional features 
which can be installed and the functions they 
perform. While you are not expected to have a 
thorough understanding of sJI these special 
devices and their applications, you can learn 
more about them by referring to the type 557 
reference manual prepared by the manufacturer. 

1 . REPEAT PRINT. Data can be read from a 
master card and printed on that card and the 
detail cards following it. At the same time, 
control data in each card can be compared to 
ensure that printing occurs on the proper cards. 

2. SELECTIVE STACKERS. As many as 
four stackers can be installed on the 557. Cards 
are directed to the stackers by proper control 
panel wiring. Duplicate master or detail cards, 
unmatched cards, and cards containing a control 
punch can be selected. 

3. SELECTIVE LINE PRINTING. Cards can 
be controlled to print on each of 25 printing 
lines. 

When posting ledger cards, the selective line 
printing device automatically locates the next 
available posting line, and prints the data. 

4. INTERPRET EMITTER. This device emits 
impulses corresponding to each character which 
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548 RIBBON CHANGING PROCEDURE 

1. UNLATCH AND RAISE BRUSH ASSEMBLY. 

2. OPEN FRONT DOOR EXPOSING RIBBON FEED 
MECHANISM. 

3. PUSH EITHER REVERSING HANDLE "A" DOWN 
TO DISENGAGE LOWER PAWL IF IMPOS* 
SIBLE TO DISENGAGE LOWER PAWL "E*% 
TURN LOWER RATCHET WHEEL "B" CLOCK- 
WISE. 

4. TURN UPPER RATCHET WHEEL "C" COUN. 
TER>CLOCKWlSE UNTIL RIBBON LEADER IS 
WOUND AROUND RIBBON. 

5. PUSH EITHER REVERSING HANDLE "A" UP 
TO DISENGAGE UPPER PAWL "D". 

6. TURN UPPER RATCHET WHEEL "C" CLOCK- 
WISE UNTIL LEADER CLIP IS IN VIEW. 

7. DISCONNECT LEADER CLIP. 

8. REMOVE RIBBON BY PUSHING SPOOL TO* 
WARDS REAR OF THE MACHINE. 

9. INSTALL NEW RIBBON WITH NOTCHED END OF 
SPOOL TOWARD FRONT OF MACHINE WITH 
CONNECTING LOOP ON TOP. 

10. ATTACH RIBBON LEADER CLIP TO RIBBON 
LOOP. 

n. TURN BOTTOM RATCHET WHEEL "B" CLOCK- 
WISE APPROXIMATELY TEN TURNS. 

12. LOWER AND LATCH BRUSH ASSEMBLY. CLOSE 
COVERS. 
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Fiflun 6-11.-Ribi)on changing procadure. 



can be punched in the card. This makes it 
possible to print emitted characters in addition 
to characters punched in the card. 

5. PROOF. Data that is printed on the card is 
checked by this device to make sure that the 
proper characters are printed. Print suppression, 
repeat print operations, and typewheel align- 
ments can also be checked. If an error is 
indicated, card feeding stops. 

6. CARD COUNTER. All cards can be 
counted when this device is installed, except 
those for which the proof device has signaled an 
error. 

7. PRINT ENTRY. Printing is performed by 
60 typewheels. Either of two control panel 
entries (print entry 1 and print entry 2) can be 



selected by a manually operated switch, located 
on the front of the machine. This makes it 
possible to interpret two types of cards in 
different ways while using the same control 
panel. 

8. PRESENSING. This device consists of a 
set of control X hubs which can be used to 
control selectors for selecting alphabetic data in 
the same manner as the type 548. It can also be 
used to control the repeat print device to allow 
printing from a master card onto the following 
detail cards. 

OPERATING FEATURES 

The MAIN LINE SWITCH supplies power to 
the machine. The RUNNING INDICATOR light 
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PRINTLINE DIAL 




goes on to indicate that the machine is ready for 
operation, and goes OFF when the machine is in 
use. The START key is depressed to start card 
feeding. It must be depressed and held until 
three cards have been fed in order for contin- 
uous card feeding to be effective. When the 
STOP key is depressed, card feeding stops, but 
those cards ahready in the machine will be fed 
automatically into the stacker. 

The ENTRY 1, ENTRY 2 SWITCH manuaUy 
controls the selection of one of two different 
printing setups wired on one control panel. The 
two lights operate in conjunction with the 
switch and indicate which print entry is 
operating (fig. 6-13). 




Figurt 6-13.-MMhint eontrolt. 
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Hopper 

The capacity of the card hopper is approxi- 
mateiv 800 cards. The cards must be placed in 
the hopper FACE DOWN, with the 12 edge 
toward the throat of tlie hopper. Therefore, you 
must work from the front cf a file of cards 
toward the back in order to keep the cards in 
their original sequence. 

Stacker 

The capacity of the stacker is approximately 
900 cards. When the stacker becomes filled, a 
stacker stop switch causes the machine to stop. 
After you remove the interpreted cards, the 
operation can be resumed by depressing the start 
key. Cards stack in their original sequence. 

Print Unit 

The printing mechanism consists of 60 type- 
wheels. Each typewheel, as shown in figure 6-14 
can print numerical, alphabetic, and special 
character information. Printing of special char- 
acters that have more than one numerical punch, 
such as the dollar symbol, requires a special 
character printing device. 




R49.30X 

Figure 6-14.-Type 557 typewtiMl schematic. 



Printing Position Dial 

The printing position dial, as shown in figure 
6-13. can be manually set to cause printing on 
one of 25 printing lines. These lines are located 
from the 1 2 to 9 edge of the card as illustrated 
in figure 6-15. When the dial is set on position 1, 
printing occurs above the 12 punching position. 
When it is set on position 2, printing occurs at 
the 12 position. When it is set on position 3, 
printing occurs between the 1 2 and 1 1 positions. 
Each succeeding position causes printing to 
occur lower on the card, with the line 25 
printing below the 9 position. 

CARD FEED SCHEMATIC 

The card feed schematic as shown in figure 
6-16 should be referenced for determining the 
cards' position during explanation of operations 
in the control panel wiring section of this 
chapter. 

557 CONTROL PANEL 

The control panel for the 557 interpreter is 
illustrated in figure 6-17. The panel itself is like 
two panels in one. The left side is for control of 
the interpreting. The riglit side is for the proof 
feature, which is an option. 

The hub groups are indicated by circled 
numbers in figure 6-17 and described in the 
following paragraphs. 

1. X-0 Split-Interpret. This hub emits the 
impluse needed to control selectors to become 
column splits. This impulse times the selector 
for use as a column split with the interpret 
brushes. 

2. X-0 Split-Proof. This hub emits the im- 
pulse to control selectors to be column splits. 
Selectors picked by this impulse are timed for 
use with the proof brushes. 

3. Selector Pickup X-0 Split or Control X. 
This hub accepts impulses to cause the corre- 
sponding selector to transfer immediately. It is 
usually wired from the X-0 split hub to use the 
selector as a column split or from the control X 
hubs to allow selective control of X punched 
cards. 
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Figure 6-15.-lnterpreted card. 
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Figure 6*16.-Cird fMd schamatic. 



4. Selector Pick-up«Digit. This hub accepts 
impulses to cause the corresponding selectors to 
transfer immediately. Digit pickups are normally 
wired from interpret or proof reading through 
the lt-12 side of a column split. When wired 



from proof reading, the pickup impulse must be 
filtered through a permanent column split. 

5. Control X read. This is a pre-sensing 
station to read an X punch in a card for control 
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40.414 



Figura e*17.~Coiitrol panel diag/am. 



purposes. It is used to control repeat print and 
control selectors for alphabetic selection. 

6. Interpret Reading. These are exits for 
reading 80 columns of the card. They are usually 
wired to print entry for printing. 

7. Column Splits-Interpret. These are auto- 
matic column splits timed for use with interpret 
reading. If more "points" are needed, X-0 
split-interpret can be wired to the X-0 split 
pickup of a selector. The five points in the 



selector then assume the same function as the 
automatic column splits. 

8. Column Splits-Proof. These are automatic 
column splits timed for use with proof reading. 

9. Repeat. 

CONTROL X. This hub accepts an impulse 
from control X read only to cause the infor- 
mation set up from that card to print again on 
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the next and succeeding cards until the next 
control X read impulse. 

PRCX)F X. This hub accepts an impulse from 
proof reading only to check that the machine 
has performed the repeat print operation as 
directed. 

X Switch. This hub is wired when master 
cards are X punched. 

10. Suppress. 

INTERPRET X. This hub accepts X or 12 
impulses to cause the suppression of printing for 
that card. When used with proof, X's only must 
be used. 

PROOF X. This hub accepts only X impulses 
to check the suppression of printing as con- 
trolled above. 

X SWITCH must be wired except when 
suppressing printing of NX cards. 

N SWITCH suppresses printing of all NX 
cards. 

NON-SUPPRESS forces the printing of error 
cards. It is operative only if a proof device is 
installed on the machine. 

11. Print Entry 1. This is an entry to 60 
typewheels to cause printing, usually wired from 
interpret reading or interpret emitter. These 
hubs accept information only if the print entry 
switch is set for entry 1 at the operator's station. 

12. Print Entry 2. This is an alternate entry to 
the typewheels to cause printing, usually wired 
from interpret reading or the interpret emitter. 
These hubs accept information only if the 
print^entiy switch is set for entry 2 at the 
operator's station (i.e., keys and lights). 

13. Compare Entry. These are entries to stor< 
age from interpret read for control information 
read from a master card. The control field in the 
following detail cards is then compared with the 
control fleld stored from the master card to 
check proper grouping. 

14. Plug to Print, llie compare entry hubs are 
connected mtemally throu^ filters to the plug- 
to-print exit hubs. Information being compared, 
if it is also to be printed, must be taken from the 
plug*to-print hubs to the typewheels. 

15. Interpret Emitter. These hubs emit the 
impulses necessary to cause the printing of 



characters indicated at each hub. To print 
special characters, however, the machine must 
be equipped with the special character printing 
feature. 

16. Selectors. These are the points of the 
selectors, five per selector. Each point consists 
of three hubs arranged vertically: The bottom 
hub is the C or common hub; the middle, the N 
or normal hub; the top, the T or transferred 
hub. A connection normally exists between the 
C and the N hub unless the pickup hub of the 
selector has been impulsed and the selector thus 
transferred. The connection then is between C 
and T. When used as a column split, the hubs are 
C or common, 1 1-1 2, and 0-9. 

17. SLP-25. 

ON. This switch must be wired to activate 
SLP.25. 

OFLO. This is an exit hub that emits only 
after all 25 lines of the card have been posted, 
i.e., on the 26th pass of the card. This impulse 
can be used to select the filled card to one of the 
selective stackers or to stop the machine. Print 
suppression is automatic when 0FL0-2S emits. 

DATA CARD PRINT UNE (DCPL) hubs are 
exit hubs that control printing on the master- 
data card. They are normally wired to a print- 
line hub to print all data cards during a specific 
pass of the file. 

18. SLP-50. 

ON. This hub must be wired on for all SLP-50 
operations. 

OFLO. This hub emits an impulse after the 25 
lines have been posted on the right half of 'he 
card, i.e., on the 51st pass of the card. It can be 
used to select ledger cards to the stackers or to 
stop the machine. 

LL CTL. This is an entry hub usually wired 
from a posting hub immediately following the 
last desired posting pass of the card. If fewer 
than 25 lines are being printed on each half of 
the card, the impulse Co LL CTL causes one of 
the OFLO hubs to emit. The OFLO impulse is 
then used to initiate further desired action. 

19. Card Counter. A switch to control the 
counting of cards. 

20. Asterisk Control. 
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ON. When this switch is wired ON, asterisk 
printing is available in six predetermined type- 
wheels. Asterisks print to the left of the highest- 
order significant digit. With the switch wired ON 
and no other control wired, all six print entry 
positions must be wired. 

C, *5, *4, ♦a. When only 5, 4, or 3 positions 
of the field are wired, the C hub must be wired 
to the 5, 4, or 3 hub as indicated by the number 
of print entry hubs wired. It is not possible to 
wire fewer than three positions of the field and 
have * print for zeros to the left of the 
highest-order significant digit. 

2 1 . Zero Print Control. A pair of hubs tor each 
typewheel controls printing of 0, 11, and 1 2 
coded characters. 

22. Stacker. These are control hubs for the 
selective stackers (stackers 1. 2. and 3). 

CONTROL X. These hubs accept impulses 
from control X read to select cards that are X 
punched in a given column. 

IMMEDIATE PICK. These hubs are used with 
UNEQ or ALTN to select the card preceding the 
card causing UlSIEQ or ALTN to emit. 

INTERPRET BRUSH. These hubs receive any 
impulse from interpret reading to select the card 
being read. 

COMPARE. These hubs are used with UNEQ 
or ALTN to select the card for which UNEQ or 
ALTN emits. 

23. Comparing. 

STOP. This is an entry hub normally wired 
from UNEQ or ALTN hubs to stop the machine. 

SUPPRESS. This hub accepts UNEQ, ALTN, 
or ISUP impulses to suppress printing on cards 
for which these impulses emit. When impulsed, 
SUP bypasses the non-suppress switch. 

IMMEDIATE SUPPRESS. This hub emits 
when two or more master cards immediately 
follow each other. 

UNEQUAL. This hub emits an impulse on the 
compare cycle when detail information com- 
pared to master information in storage is 
unequal. 

ALTERNATE. When the 557 is wired for 
comparing, the ALTN hub emits if the card 
sequence is not alternately master and detail. 



ON. This switch must be wired ON to activate 
comparing. 

24. Proof Reading. These are exits for reading 
80 columns of the card. They are usually wired 
to proof entry hubs. 

25. Proof Entry 1. These are sixty entry hubs 
to prove that typev heels print correctly. They 
are wired from proo- reading. 

26. Proof Entry 2. These are sixty alternate 
entries used to prove printing using print entry 
2. They are wired from proof reading. 

27. Proof Emitter. These hubs emit impulses 
to be wired to the proof entry hubs to prove 
that characters emitted by the interpret emitter 
to the print entry hubs print correctly. 

28. Print Entry Zero Selector. This is a 12- 
position selector operating under control of the 
print entry switch. It is normally used for 
selection of zero print control wiring when the 
setup for print entry 1 and print entry 2 is 
different. It may also be used to change wiring 
setups in much the same fashion as a selector 
except that the print entry zero selector is 
controlled manually by the print entry switch. 

29. Posting. These hubs emit impulses used to 
select the line to be printed on a given pass of 
the file. They may also be wired to the COM? 
hub of a selective stacker to select a card on a 
specific pass of the file. 

30. Print Line. These hubs accept posting 
impulses to position the card ^t a print line for 
printing. 

31. SLP Selector. This is an automatic selector 
used with a posting impulse to select a ledger 
card directly after posting is completed. Since a 
posting impulse emits during an SLP-50 oper- 
ation for the left and the right halves of the 
card, determination of its identity as either a 
1-25 impulse or 26-50 impulse must be made. 
This is the function of the SLP selector. 



PRINCIPLES OF CONTROL 
PANEL WIRING 

Operations which may be performed arc 
directed by control panel wiring. Wiring for 
normal print, print suppression, column split- 
ting, selection and zero print control involving 
only the left side of the panel will be discussed 

155 



o 

ERIC 



DATA PROCESSING TECHNICIAN 3 & 2 



and illustrated. Discussion of the proof feature 
follows. 

NORMAL PRINTING 

There are 80 pairs of interpret reading hubs 
on the control panel, representing the 80 col- 
umns of the card. For normal printing, they are 
wired to the 60 print entry 1 hubs representing 
the 60 typewheels. The interpret reading hubs 
may be wired to any of the print entry 1 hubs to 
cause data to be printed in any desired sequence 
across the card. 

Zero Print Control 

When a punch is read in a card, the impulse is 
delivered througli an external wire on the board 
to a typewheel (print entry hub). The typewheel 
is immediately set up to print the character, the 
printing does not take place, however, until the 
entire card is read (after 9 time). 

Before a typewheel can actually print, a print 
magnet must be energized by an impulse during 
read time. Once energized, the print magnet 
causes the firing of a hammer for that particular 
print position. This hammer presses that one 
character position of the card against the previ- 
ously set character on the typewheel. 

All impulses except the zeros and single 1 1 or 
12 punches automatically reach the print mag- 
nets. Remember that on the 548, additional 
wiring is necessary to eliminate the printing of 
numeric zeros. On the 557 additional wiring 
must be done to cause them to print. The 
control panel board has hubs which provide for 
external wiring to force the typewheel hammers 
to fire for those impulses not accepted. These 
hubs are labeled ZERO PRINT CONTROL. 

Referring to figure 6-17, you will notice a pair 
of zero print control hubs for each printing 
position. The hubs in the lower row, numbered 
from 1 to 60, are diagonally connected inter- 
nally to the hubs in the upper row as illustrated 
by the dotted lines in figure 6-18. The first hub 
in the upper row (AE-1) represents the upper 
hub of zero print control position 60 (AK-20). 

Jackplugging the upper hub of one position to 
the hub directly below it links an exit hub (top) 
of one print position to an entry hub (lower) of 
another. If an impulse from a significant digit 
has been read and delivered to the print magnet 
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Figure 6-18.-Zero print control hubt. 

of the typewheel hammer represented by the 
top hub, the jackplug will allow an internal 
impulse to flow to the bottom entry hub of the 
position to the right. The impulse is then 
delivered to that position's print magnet just as 
if that position had received an impulse from a 
significant digit. 

Figure 6-19 shows three methods of wiring 
for zero print control. Refer to this figure while 
reading the following paragraphs. 

If all zero print control hubs for a field are 
jackplugged (circled 3), then zeros to the right 
of a significant digit will print. But suppose you 
wish to print zeros to the left of the Hrst 
significant digit (circled 2). Since the low order 
position of the field will have a path to the fuse, 
either by being a significant digit or because a 
significant digit to the left has supplied an 
internal machine impulse, this impulse can be 
wired from the upper zero print control hub of 
the lower order position around to the lower 
hub of the high order position, thus energizing 
the print magnets for the high order zeros. When 
zeros are controlled to print to the right or left 
of a significant digit, ten consecutive zeros can 
be carried or controlled to print. 

In order to print a field which contains all 
zeros, such as a zero balance, the lower hub of 
the high order printing position must be wired 
from interpret reading (circled 4). 

Special characters which are actuated by only 
an 11 or 12 punch do not normally have a path 
to the fuse. For this reason, they must he 
controlled to print in the same manner as zeros. 

Column Splits 

If a numerical column, punched with a 
significant digit and a control X, is wired 
directly to a print entry, an alphabetic character 
will be printed. This can be prevented by wiring 
that particular column through a column split. 
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The column split device operates on the same 
principle as the X eliminator in the type S48. 
Any impulse zero through 9 in a column wired 
to common is available from the hub marked 
0-9. while 11 and 12 impulses are available from 
the 11-12 hub. By wiring the column containing 
the control X to common and from the 0*9 hub 
to a print entry hub, the numerical punch in 
that column will be printed without the inter- 
ference of the control punch. 

Print Suppression 

Selective printing of an entire card can be 
performed under the control of an X or NX 
condition. This permits you to interpret all cards 
of one type without separating the file or 
printing on the other cards in file. Either an 1 1 
or 1 2 punch can be used for control. 

The column containing the control punch is 
wired from interpret reading directly to the 
interpret X hub. No column split is required, 
since the pickup hub does not accept 9 through 
0 impulses. If you wish to suppress printing of X 
cards, the X switch must be wired ON. If you 
wish to suppress printing of NX cards, the NX 
switch must be wired ON. The X switch must 
always be wired for all operations except when 
suppressing prilnting of NX cards. 

Wiring 

Figure 6-19 illustrates the wiring necessary for 
normal printing, zero print control, X elimi- 
nation, and print suppression. 

1. Columns 1-4, an alphabetic Held, are wired 
to typewheels 4-7. 

2. Columns 6-10, a numerical field, are wired 
to print from typewheels 9-13, with zeros 
controlled to print to the left of the high order 
significant digit. 

3. Columns 11-14, a numerical field, are 
wired to typev^heels 15-18 without printing 
zeros to the left of the high order significant 
digit. 

4. Columns 15-18, an amount field, are 
printed in typewheels 22-25 with zero balances 
printed as all zeros, and with the credit X 
eliminated. 

5. An X punch in column 80 impulses the 
print suppression pickup hub. The NX switch is 



wired ON to suppress printing of all NX cards. 
The X switch must be wired ON at all other 
times, whether or not printing is being 
suppressed. 

SELECnON 

Selectors may be used for two purposes; se- 
lection and splitting columns. When used as a se- 
lector, they operate on the same principle as those 
in the type 548. When used as a column split, they 
function in the same manner as an X elimmator. 
Since the standard 557 does not contain X 
brushes, all control punches must be read from 
interpret reading. Because of this, alphabetic 
selection can be performed only if presensing 
(Control X read) is installed. When installed, the 
optional presensing station is as shown in figure 
6-20. 

Four 5-position selectors are standard. Each 
selector has two separate pickups, which are X-0 
Split or Control X, and Digit Pickup. These two 
pickup hubs should NEVER be connected to 
each other. Each pickup should be activated by 
a specific impulse for a specific function. When 
either pickup is impulsed, the selector transfers 
immediately and remains transferred for the 
duration of that card cycle. 

The X-0 Split or Control X pickup can be 
wired from the X-0 Split hubs to cause a selector 
to operate as a column split. The interpret X-0 
Split hub times the selector for use with the 
interpret reading brushes. The normal side of the 
selector becomes the exit for any 11-12 impulses 
that enter the common hubs, and the transferred 
side becomes the exit for any 0'9 impulses that 
enter the common hubs. 

The Digit Pickup hubs are normally wired 
from interpret reading. Since these hubs accept 
any impulse 1 2 through 9, a column split should 
be used to select only the 11-12 control punch 
to be used. 

The wiring diagram in figure 6-21 shows the 
wiring for numerical class selection, and for X 
elimination using a selector, as a column split. 

1 . Selector 1 is picked up from the X'O Split 
hub, which causes the selector to operate as a 
column split. The X-0 Split hub emits an impulse 
just after the 1 1 position in a card has passed 
interpret reading, and before the zero position is 
reached. This allows the 11-12 impulses to 
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49.388 

Figura 6-20.~Pn«ansing (control X read). 



become available out of the normal side of the 
selector, and the zero through 9 impulses out of 
the transferred side. 

2. Column 62 is wired through the trans- 
fened side of selector 1 to print only the 
numerical punch in the column. 

3. Selector 2 is picked up from an X in 
column 39, which is wired through a column 
split to eliminate digit punches in that column. 

4. Columns 42-45 are wired through selector 
2 so that printing occurs at location A for X 
cards and at location B for NX cards. 

5. All zeros are controlled to print. 

6. The suppress X switch is wired ON to 
allow interpreting of all cards. If it were not 
wired, no cards would be interpreted. 

PROOF 

The proof feature is optional on the 557 
interpreter. Once it is installed, it is mandatory 
that the proof side be wired as a duplicate of all 
interpret and control wiring. If this wiring is not 
done, an error condition will result for every 
card even though no errors are made. 

Figure 6-22 illustrates one job correctly wired 
on a machine equipped with proof. The circled 
wiring is as follows: 

1. Wiring to read a five-column numerical 
field eliminating the X in the units position. 

2. If the X is not present, the field prints in 
typewheels 29-33. 



3. When the X is present, selector 1 is 
transfened and printing occurs in typewheels 
21-25. 

4. Zero print control is wired to print all 
zeros. 

5. All control and position wiring is dupli- 
cated for proof. Selector 4 controls the selection 
of proof entry. 

OPERATING SUGGESTIONS 

Card handling is as important on this machine 
as any other, and the standard rules as explained 
for other machines are to be followed. 

Machine Errors 

If the proof feature is installed, there will be a 
proof indicator unit (figure 6-23) to help iden- 
tify the type error. 

Any error indicated by the proof device stops 
the machine, suppresses printing on the error 
card, and lights the stop light on the front of the 
machine. When the error is sensed, no additional 
cards are fed from the hopper, and all cards 
already in the feed are advanced into the stacker 
before the machine is stopped. In addition, an 
indicator on the proof indicator unit is extended 
to indicate the type of error that has occurred. 
Figure 6-23 shows indicator 35 extended. An 
error reset cover is provided on the proof 
indicator unit which, when depressed, resets the 
indicator and turns off the stop light. The 

159 



ERIC 



DATA PROCESSING TECHNICIAN 3 & 2 



I 

r 



EOSglj— -X-O SPT OR CTRL X-SELECTOR PICKUP>-— DIGIT ■ ■ ■ i 

S CONTROL X READ -^^ W ^^^^Eg Q^ 

oooooooooooooooooo o^cN 
5 rlNTERPRET READlNG'~^lS 20/ 



) o ' 
11-12 



IIIIIIIIMIIIIIIIIII> 



25 



30 



35 



^ As/ ® 

V 0 



I I I I I I I I I I I n I ! I I I I 

45 50 5.'^ 60 C F 

imisiiniiniiiiiiiK', 




70 



75 



ao 



I n ! 1 1 ! I li 1 1 1 1 1 



X 



PRINT ENTRY I > ■15- 

o o o o o o o o 

30 \G/ 
o o o o 

50 T 55 



o o o 

25 

o o o o 
45 

ooiioolooooooloooo 

5 \ PRINT ENTRY C 15 

oo/oooIooooogToo oo 
25 I 30 7 35 

ooo|ooooo4oooofoooo 
45 I 50 / 55 / 60 

ooolooooo /o ooo/oooo 

5 f COMPARE EBH'RY 15 -^f^ 20 

o o I o o of ooooyooo o/ O o o o o 

5 — y— PLUG TflTPRINT 1/ 20 

0 0|0 0 /0 0 0 q/^ OOOOiDOOOOO 




o o o 

o o o 



o o o 
5 

0 o o 



o o o 
o o o 



o o O 
25 

o o o 



o o o 

O O O 



COOOOOOOOOOOO 

45 50 55 

OOOOOOOOOOOOO 



lO ti t» 14 i5 14 tf 



<• 10 ti ft 



40^ 

Figure 6-21.-Numiric dan Mlfctkm and X tlimiration. 

160 



ERIC 



Chapter 6-lNTERPRE . LRS 




^^^^ ' 



49.415 



Figura&22.-Praof. 



\TyH\iU 



u. \- ■•>■ 



49.416 



Figura 6-23.-Proof indicator tmit 



various numbers and letters on the proof indi- 
cator unit represent the following: 

1-60. These numbers indicate the typewheel 
in which a printing error has occurred. 

SP. This indicator is extended if the suppress 
print has been controlled correctly, but the 
machine has failed to perform the operation. 
The machine stops on the cyde following the 
indication. 

SPX. This indicator is extended for an error m 
the control ;o cause the suppress print* 
operation. It may mean that the control panel is 
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incorrect, or that the machine is in error. If a 12 
punch appears in the suppress print-contiol 
column on a master or detail card, the proof 
device will treat such a punch as an SPX error. 

TA. This indicator will be extended if the 
typewheels are not in proper alignment for 
printing. The machine stops on the cycle follow- 
ing the indication. Printing is not suppressed on 
this type of an error card but is suppressed on 
the following cards. 

RP. The indicator will be extended if the 
repeat print operation has failed, that is, the 
control is correct, but the machine has failed to 
perform the operation. 

RPX. This indicator will be extended if there 
is an error in the control to cause repeat print or 
to check repeat print. It may mean that control- 
panel wiring is incorrect, or that the machine is 
in error. If a 12 punch is in the repeat print- 
control column of a master or detail card, the 
proof device switch reads such a punch as an 
RPX error. 

Timing Chart 

A timing chart is a good reference when 
learning a machine. Use of the timing chart 
together with the control panel hub descriptions 
and the card feed schematic will provide a 
complete picture of the machine. 

As you gain confidence with the machine and 
are called on to wire more complicated jobs, the 
timing chart will become an invaluable aid. It 
wUl allow you to make use of proper control 
impulses for panel wiring. It will explain why 
some jobs that are supposedly wired correctly 
do not work (the control impulses are too short 
or at the wrong time; what was thought to be an 
exit is really an entry; etc.). 

Figure 6-24 and the following timing chail 
notes are provided for the 557 interpreter. 

Notes for Timing Chart 

1. The asterisk control switch (left) is con- 
nected internally with the C hub (AJ-21); 3, 4, 5 
hubs (AJ-22, AK-21 and 22) are entry hubs that 
accept impulses from the C hub only. 

2. Wire to the right-hand hub only. 

3. This hub emits only during a comparing 
operation if the card sequence is not alternately 
master and detail. 



4. This hub emits only during a comparing 
operation when two or more master cards 
immediately follow each other. 

5. This hub is to be used as an entiy for 12, 
X, and digit punches only, from interpret and 
proof read. 

6. The "hot zero" (zero print impulse) is part 
of the impulse emitted from 149 degrees to 169 
degrees. 

7. The "hot zero** (zero print impulse) is part 
of the impulse emitted from 149 degrees to 273 
degrees. 

8. The "hot zero** is the zero print impulse 
described in the "Zero print Control** section. 

9. The print entry zero selector hubs are used 
for selection of zero print control impulses from 
the upper zero print control hubs. They operate 
in conjunction with print entries 1 and 2 and aie 
controlled by the print entry switch at the 
operator's station. 

10. When wiring from proof read for c(mtrol 
purposes, send all impulses through a proof 
column split. Otherwise, the impulse from 172 
degrees to 273 degrees would erroneously act as 
a control factor. 

1 1 . This is operative only when the machuie is 
equipped with the presense unit. 

1 2. Wire to the lower hub only. 

13. Connection is internal between C and 25 
or C and 50, controlled by SLP-25 (left side of 
card) or SLP-50 (right side of card). 

14. If suppress print is in use, either th \< or 
the X switch must be wh^ed-the N switch to 
suppress NX cards, the X switch to suppress X 
cards. 

15. Non-suppress switch is operative only 
when proof is installed. 

16. This is to be used as an entry only for X-0 
split unpulses or control X read impulses. 

17. These hubs emit any card impulse ac- 
cepted by the next hub to the left in print entry. 
If any digit 1 through 9 is read, the zero 
print-control upper hub also emits the "hot 
zero** (zero print impulse). 

18. These hubs accept the "hot zero** (zero 
print impulse) if no impulse 1 through 9 is 
received by the corresponding print entry hub, 
and there is a significant digit to tlie left in print 
entry. 
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Fiflura 6-2S.~Type 557 ribbon ftad sdMmatic. 



R49.344X 



Ribbon 

On each print cycle the ribbon feeds from one 
spool to the other approximately one-fourth 
inch. A metal eyelet near the end of the ribbon 



reverses it automatically when it strikes the 
reversing lever. When a new ribbon is installed, it 
should be threaded around the guide rollers as 
shown in figure 6-25. 
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AUTOMATIC PUNCHES 



One characteristic of record keeping is repeti- 
tion. Records made on the same day must be 
dated identically. Records prepared at the same 
source contain identical location information. 
Likewise, information used at one place may be 
needed at another, requiring duplication of the 
same basic records. In some cases, partial 
changes to the original records must be made on 
a continuing basis, in order to keep the records 
up-to-date. At times, entire files must be par- 
tially changed or duplicated. 

When records are maintained in punched card 
form, these repetitious operations can be per- 
formed automatically by automatic punches. 
The operations to be discussed in this chapter 
aie described in general in the following 
paragraphs. 

1. REPRODUCING. All or any part of the 
data contained in one set of cards can be 
punched into another set. Accuracy of punching 
can be verified at the same time by the 
comparing feature. For example, if you have a 
file of personnel status cards in which rate 
abbreviation and rate code must be changed, 
you can reproduce the original cards, leaving out 
fate abbreviation and rate code. Then you can 
reproduce the new rate abbreviation and code 
from a set of matching change cards into the 
reproduced personnel status cards. The repro- 
duced cards then become the up-to-date 
personnel status card fll^. 

2. GANGPUNCHING. Information contained 
in a master card can be transferred to each 
succeeding detail card which requires the same 
information. This application reduces the codUig 
and keypunching required of source documents 
in those cases where one item of data relates to 
another. For example, it would not be necessary 
to code and keypunch rate code from the 
personnel diary, since a master rate code deck, 



containing rate code for each rate, can be used 
to gangpunch the code into the appropriate 

3. DOUBLE PUNCH AND BLANK COL- 
UMN DETECTION. Double punches or blank 
columns can be detected by a special device. 
This feature may be used to ensure that certain 
fields in a card are punched in all positions and 
that each column in the field contains only one 
punch. 

4. EMITTING. The gangpunch emitter is a 
special device which supplies punching unpulses 
identical to the punches which may be placed in 
a card. Repetitive punching without the use of a 
master card can be accomplished by wuring the 
hubs of the gangpunch emitter directiy to 
punch. Emitting can be performed in conjunc- 
tion with any other operation. By emitting data 
common to all cards, the need for keypunching 
or duplicating this data during the keypunch 
operation is eliminated. 

All operations described in this chapter occur 
at the rate of 100 cards per minute. 

This chapter discusses the two most widely 
used automatic punches; the IBM type 514 
reproducing punch and the IBM type 519 
document originating machine. While both ma- 
chines are similar in appearance, operation, and 
functions, their control panels differ consider- 
ably in design and method of wiring. For this 
reason, each machine will be discussed 
separately. 

REPRODUCING PUNCH, TYPE 514 

The type 514 reproducing punch, pictured in 
figure 7-1, contains two feed units; the reading 
unit and the punchhig unit. Cards may be fed 
from either or both units depending upon the 
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job being performed. Each unit holds approxi- 
mately 800 cards. For normal operations, cards 
are placed in the hoppers face down, with the 1 2 
edge toward the throat. Once card feeding is 
started, it continues automatically until a hop- 
per becomes empty, a card fails to feed, an error 
is signalled by the comparing unit, or a stacker 
becomes filled. 

OPERATING FEATURES 

The MAIN LINE SWITCH, located on the 
right end, provides power to the machine and 
must be ON for all machine operations. Other 
switches, keys, and lights that control card 
feeding and machine operation are located on 
the front as illustrated in figure 7-1. The START 
KEY must be depressed to start card feeding, 
and the STOP KEY must be depressed to stop 
card feeding. The DOUBLE PUNCH AND 
BLANK COLUMN LIGHT goes on and the 
machine stops whenever a double punch or 
blank column has been detected. The RESET 
KEY must be depressed to reset the double 
punch and blank column detection circuits and 
to put out the DP&BC light. The COMPARE 
LIGHT signals an error in card comparison and 
causes the machine to stop. 

CARD FEEDING 

The 514 is the first machine discussed in this 
manual that is capable of working with two 
separate card feeds (figure 7-1). Each feed 
hopper is an entry to its own feed unit with 
three stations and a respective stacker. 



By changing the functional switch settings the 
feeds can be synchronized (timed to work 
together) or work independently of each other. 

The feed unit on the left is called the 
READING UNIT or read unit. This unit 
contains only reading brushes. 

The feed unit on the right is called the 
PUNCHING UNIT or punch unit. The unit 
contains reading brushes and punching, dies. 



Reading Unit 

Refer to the schematic diagram in figure 7-2. 
Notice that as cards feed through the reading 
unit, they first pass the five read X (RX) brushes 
(figure 7-3). These brushes can be set to read 
any desired columns of the card in order to 
control the reading of other data from the card. 
These brushes must be set at least two columns 
apart. 

The following station contains 80 reproducing 
brushes, which read the 80 columns of the card. 
These brushes may be wired to the punch 
magnets to reproduce data into a card passing 
through the punching unit, or they may be 
wired to the comparing unit to compare cards 
that have been gangpunched in the punching 
unit. 

After cards pass the reproducing brushes, they 
are read by 80 comparing brushes. These brushes 
may be wired to the comparing unit to compare 
the card reproduced on the preceding cycle, or 
to check the accuracy of a gangpunching opera- 
tion. 



» tCAO 
X WUSHCS 



STACKtR 




READING UNIT 




6 fUKCH 
X liUSHCS 



mo HOMI 




fUNCH 
UHlSHfS 



PUNCHING UNIT 



Figure 7*2.-C«rd «Md idMmiticclitgrann. 
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Figure 7-3.-RX brush station. 



Punching Unit 

A schematic diagram of the punching unit 
also is included in figure 7-2. Cards feeding 
through the punching unit first pass the six 
punch X (PX) brushes. These brushes can be set 
to read any columns of the card in order to 
control the reading of other data. These brushes 
must be set at least two columns apart. 

The next station contains the punching mech- 
anism, consisting of 80 punch magnets and 
supporting dies. Each punch magnet may be 
actuated at either or all of the 12 punching 
positions in a column as a card moves past this 
station. 

After a c^rd passes the punching station, it is 
read by 80 prmch brusnet. These brushes may be 
wired to the comparing unit to compare the card 
reproduced on th.- preceding cycle with the 
original card, or they may b? wired to the punch 
magn<;ts to cause punching during a gang- 
punching operation. 



Synchronized Feeding 

During a reproducing operation the reading 
and punching units are synchronized. When the 
feed units are synchronized, cards pass their 
respective stations in unison. A card passes the 
RX brush station at the same time one passes 
the PX brush. A card passes the reproducing 
brushes at the same time one passes the punch- 
ing dies. A card passes the comparing brushes at 
the same time one passes the punch brushes. 

Separate Unit Feeding 

When the controls are set to allow each feed 
to work independently, the operations for each 
unit are limited. The read unit consists solely of 
reading stations. This limits the read unit to 
comparing operations. 

The punch unit has only the one full read 
station and a punch station. This limits the 
punch unit to an operation called gangpunching. 

Even though the units accomplish two differ- 
ent functions, they may do them simultane- 
ously. This means that while gangpunching is 
occurring in the punch unit, comparing for a 
different file may take place in the read unit. 
One board is wired to accomplish both jobs. 

Comparing Unit 

The comparing feature provides for compar- 
ing the punching in two cards to see if punching 
is identical. Comparison may be made between 
one card in the reading unit and another in the 
punching unit, or between two cards in the 
reading unit. When the punching in the two 
cards being conipared is different, the compare 
light goes on and the machine stops. The 
comparing indicator, shown in figure 7-4, points 
out the comparing position containing the error. 
In order to reset the comparing indicator and 
turn out the compare light, the restorbig lever 
on the comparing indicator unit must be reset. 

Comparing is performed by control panel 
wiring of read brushes to comparing magnets. 
(Review of reproducer type comparing in chap- 
ter S is recommended.) 

Always remember that a comparing unit does 
not distinguish where its impulses come from. 
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Figure 7-4.-Coinparing indicator unit. 



The comparing unit is simply a device that 
indicates when two impulses are different. 

One entry to the magnet may be wired from 
the reproducing brushes while the other is wired 
from the punch brushes. One entry may be 
wired from the punch brushes while the other is 
wired from the comparing brushes. It all de- 
pends on which stations you, the operator, want 
compared. 

CONTROL PANEL 

Use figure 7-5 for location of the following 
hubs. Use figure 7-2 for location of the brush 
and punch stations. 

REPRODUCING BRUSHES. Al through 
D20 This group consists of 80 exit hubs from 
the first set of 80 read brushes in the read unit. 

DP & BL. COL. DETECTION (Double 
punch and blank column detection). El-10 and 
FMO. This group consists of 20 entry hubs to 



the DP & BL COL detection device. These hubs 
are normally wired from the punch brushes. 

COLUMN SPLITS. El 1-20, Fll-20 and 
Gll '^'^ This group consists of 10 column split 

K liMlTTER (Gangpunch emitter). Gl-10, 
HI and H2. These hubs are exit hubs. They emit 
their own timed impulses. They are normaUy 
wired to the punch magnets. >, j 

D P.D. (Double punch detection). H3, 4 and 
J3 4 These hubs control the double punch 
detection of X or NX cards. The pickup hub is 
normally wired from a RX brush or a PX brush. 
If the two hubs labeled X are connected, only A 
punched cards are checked. If the X hubs ar 
not wired, only NX cards are checked. 

RX (read X). H5 and 6. This is a common 
entry hub for control of the comparing unit. 
When a controlling impulse is delivered to this 
hub, the comparing unit is inoperative for one 
card cycle. 
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RD (read delay). H7. This hub emits an 
impulse one card cycle after the RX hub receives 
an impulse. The RD hub is normally used to 
control a selector. 

PX (punch X). H8 and 9. This is a common 
entry hub for control of the punch magnets, 
read unit feeding and comparing unit. (This is 
explained in detail later in the chapter.) 

PD (punch delay). HIO. This hub emits an 
impulse one card cycle after the PX hub receives 
an impulse. This is normally used to control a 
selector. 

0 & X (zero and X (11) impulse emitter). 
J 1-2. This is a common exit. These hubs emit 
iwo impulses each» the numeric zero and the 1 1 . 
The impulses are emitted at the same time as 
those from hubs HI and G 10. 

READ X BR (read X brushes). J5-9. These are 
exit hubs from the five possible read brushes 
wired to the X-panel (figure 7-3). 

PUNCH MAGNETS. Kl through N20. This 
group consists of 80 entry hubs to the punching 
mechanism. 

P.X. BR (punch X brushes). P1-P6. These are 
exit hubs from the six possible X brushes wired 
to an X-panel in the punch unit. 

PUNCH BRUSHES. Q1-T20. This group con- 
sists of 80 exit hubs from the set of .80 read 
brushes in the punch unit. 

SELECTOR 1 and 2. Ul through W 20. These 
hubs comprise two 10 position selectors. The Ul 
row labeled X is the same aj T (transferred) on 
other control panels. 

R and P (read and punch selector pickup 
hubs). XI and 2. When either of these two hubs 
is correctly impulsed, selector 1 transfers. 

XI 8 and 19. When either of these two hubs is 
correctly impulsed, selector 2 transfers. 

The R hub is normally wired from the RD 
hub. The P hub is normally wired from the PD 
hub. 

T. X3 and X20. Advanced. 

SUM. XPCH. CTRL OR M.S. BRUSHES. 
X4-1 7. Advanced. 

COMP. MAG. FROM PUNCH BRUSHES 
(Comparing magnets from punch brushes). 
Y1-AB20. This group consists of 80 entry hubs 
to one side of 80 comparing magnets. They are 
normally wired from the punch brushes (hence, 
the name). 



Rows AA and AB are triple purpose and are 
so labeled. These secondary functions, as la- 
beled-OR CTR. TOT. EXIT OR M.S. IN, are 
for the advanced DP technician. 

COMP. MAG. FROM COMPARING 
BRUSHES (comparing magnets from comparing 
brushes). AC1-AF20. This group consists of 80 
entry hubs to the 80 comparing magnets. They 
are normally wired from the comparing brushes. 
What is entered here is compared against what is 
wired to the same relative hub of the other 
comparing magnet entries. 

Rows AE and AF are triple purpose, and 
again, the secondary functions are only for the 
advanced DP technician. 

COMPARING BRUSHES. AG1-AK20. This 
group consists of 80 exit hubs from the second 
set of 80 read brushes in the read unit. 

Insertion 

Before any control panel is inserted into a 
machine, certain checks should be done as part 
of the operators routine. 

The contact points on the machine should be 
checked to ensure: 

1 . No contact points are bent 

2. No contact points are broken off 

3. No foreign material is on the contact 
points (brush hairs, paper clips,, etc.) 

The board should be checked to ensure: 

1 . No wire tips are bent 

2. No wire tips are stripped 

3. No foreign material is lodged between the 
wire tips. 

4. The boards edge is smooth. No loose 
screws, jutting screw heads, gouged edges or tape 
repairs. These could all prevent proper seating of 
the control panel and/or cause possible electrical 
shorting. 

Never force the panel door shut. On faulty 
doors there are release levers that can be 
manually tripped. 

FUNCTIONAL SWITCHES 

Before any job can be processed correctly, the 
functional control switches must be property 
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set. These switches are located inside the control 
panel compartment ( see inset of figure 7-1). 

These switches are described in the following 
paragraphs. The settings required for each job 
are given in the discussion of each job. 

Reproducing Switch 

Although this is referred to as one switch, it is 
actually three toggle switches joined together to 
work as one. This switch synchronizes the 
reading and punching units so that they work 
together when reproducing information from 
one deck of cards onto another. When this 
switch is OFF, each unit may be used independ- 
ently to perform separate operations. 

Sel Repd and GP Compare Switch 

This single switch allows continuous feeding 
in the reading unit. It should be ON only when 
performing selective reproducing or a gang- 
punching and comparing operation. 

Detail-Master Switch 

The detail-master switch (2 toggles) controls 
the handling of X and NX cards. This switch 
should be set to master when the master card 
has the controlling punch for gangpunching or 
when reproducing from the NX cards is desired. 
The switch should be set to detail when the 
detail cards have the controlling punch or when 
reproducing from the X cards is desired. 

REPRODUCING AND COMPARING 

In reference to automatic punches the word 
reproducing is associated with the following 
wiring and operator standards: 

The feed units will always be synchronized. 

The read unit will contain the source cards to 
be reproduced. 

The reproducing brushes will read the card to 
be reproduced. 

The word comparing (when associated with 
reproducing) implies the following standards: 

The punch brush's and comparing brushes 
will be used to read the new and old card 
iespectiv3ly for comparing. 



A comparing error indication will be for the 
first cards to enter the stackers after the 
comparing unit is reset. 

Straight Reproducing 
and Comparing 

Straight reproducing means that specific col- 
umns of each card passing the reproducing 
brushes are to be duplicated into a set of cards 
in the punch unit. This may be a column for 
column reproduction (columns 1-8 into 1-8), or 
the field(s) may be offset (columns in the read 
unit reproduced into any column but their 
counterpart in the punch unit) as shown in 
figure 7-5. 

For an offset field it is important to remem- 
ber that the punched field is compared with the 
originally read field. Locating the stations in the 
schematic (figure 7-2) and mentally following 
cards through their respective unit will help you 
understand the following explanation of figure 
7-5. 

1. As a source card passes the reprodicing 
brushes, all columns are read by the brushes, and 
impulses representing digits punched are avail- 
able at the reproducing brush hubs on the 
control panel. These impulses, when wired to 
the punch magnet hubs, cause punching to occur 
in the card passing the punching station in the 
punching unit. 

2. Both cards then feed simultaneously past 
the next station in their respective unit. At this 
point, the source c*d is read by the comparing 
br '.shes, and impulses representing digits 
punched are directed to the comparing magnets 
by wiring the comparing brush hubs of the field 
being reproduced to one side of the compari..g 
unit. At the same time, the reproduced card will 
be read by the punch brushes, and impulses 
representing digits punched are directed to the 
corresponding magnets by wiring the punch 
brush hubs of the reproduced field to the other 
side of the comparing unit. Thus, if the two 
impulses received by a particular comparing 
position are the same, reproducing has been 
performed satisfactorily. If the impulses differ, 
or if only one magnet in a comparing position 
has received an impulse, an error is indicated. 
The machine stops and the comparing position 
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in which the error is located is identified by the 
comparing indicator. 

Any comparing position can be used to verify 
punching in any given colunui. but the positions 
conesponding to the coUimns in the reproduced 
card are generally used. This provides for ease in 
wiring, as well as simplifying the process of 
finding the error column. 

Selective Reproducing 
and Comparing 

Selective reproducing is the process whereby 
only one type of card. X or NX. will bo 
reproduced. The reproducing switch and the 
selective reproducing GP and compare switch 
must be turned on. There will be a blank card in 
the reproduced deck for each source card which 
is not reproduced. Wiring for this operation is 
shown in figure 7-6. 

1. The wiring for punching and comparing is 
the same as for straight reproducing. 

2. In order to identify the X cards, a read X 
brush is set to read the column containing the X 
punch, and the corresponding read X brush hub 
on the control panel is wired to the PX hub. The 
PX circuit then sets up the conditions under 
which reproducing and comparing can be per- 
formed, in conjunction with the detail-master 
switch, as follows: 

a. When the detail-master switch is set to 
MASTER, punching is suspended when X 
punched cards pass the reproducing brushes. All 
NX cards will be reproduced. Comparing is 
suspended when the X punched cards pass the 
comparing brushes. NX cards will be compared. 

b. When the detail-master switch is set to 
DETAIL, punching is suspended when NX cards 
pass the reproducing brushes, and all X punched 
cards will be reproduced. Comparing is sus- 
pended when NX cards pass the comparing 
brushes, and all X punched cards will be 
compared. 

X ELIMINATION OR TRANSFER 

Column splits operate on the same principle 
as those in the type 557 interpreter. They allow 



the reading of a column to be divided between 
the zero and 1 1 punching positions in order to 
separate the reading of control punches trom 
digit punches, or to combine thea' punches from 
different columns into one column. F;igure 7-7 
shows three uses for column splits. 

1. If an 1 1 or 1 2 control punch is not to be 
reproduced, the reproducing bnish hub for the 
colunm containing the control punch is wired to 
common of a column split. The 0-9 hab is then 
wired to the desired punch magnet. The control 
punch may be wired from the 11-12 hub to any 
other punch magnet, if desired. The comparing 
brush must be wired through a column split in 
the same manner in order to avoid a false error 
light during comparison. 

2. The column split may also be used for 
combining punches. The reproducing bmsh hub 
representing the control p;;nch is wired to the 
11-12 hub. and the digit punch from another 
column is wired to the 0-9 hub. The common 
hub is then wired to a punch magnet, where the 
two punches from different columns are 
punched into one column. The comparing 
brushes for both columns of the source card 
must be wired through a colunm split to the 
comparing unit to avoid false comparison. 

3. In sonv.* instances you may wish to punch 
an X in all cards passing through the punching 
unit, or add zeros to increase the size of a field. 
This can be accomplished by wiring the 0 and X 
hubs through a column split to the punch 
magnets. These hubs emit both a zero and an X 
impulse each card cycle. In order to punch all 
cards with an X, a zero and X hub is wired to 
common of a column split and from the 11-12 
hub to a punch magnet. Zero impulses are avail- 
able from the 0-9 hub of the same column 
split, and may be wired to a punch magnet 
to punch a single zero, or split wired to several 
punch magnets for punching two or more 
zeros. 

GANGPUNCHING AN 0 COMPARING 

Gangpunching is an operation that is per- 
formed solely in the punch unit. Information is 
read from one card (master) by the punch 
brushes and punched into the following card 
(detail) at the punch magnets. When the gang- 
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piinclicU detail reaches the punch brushes, it is 
read and causes punching in the next detail card. 
This process continues until another master card 
is detected or the end of file is reached. 

The comparing of gangpunchcd cards can be 
accomplished in either of two ways. If only one 
master card is utilized, it is siglit checked with 
the last card punched. If more than one master 
card is utilized, the t1le is fed through the read 
unit for machine comparing. 

When each feed is used for a different 
function, the reproducing switch must be OFF 
to allow the units to work independently. 

The SR and GP COMP switch must be ON to 
allow correct control of the read unit during 
comparing of files with more than one master 
card (interspersed master cards). 

For interspersed files the detail/master switch 
is set to master or detail, depending on which 
card type has I he controlling X punch. 

Single Master Card 
Gangpunching 

If a file of cards is required to have identical 
information on each card (date, activity number, 
job number, etc.), it may be done by gang- 
punching from a single prepunched card (mas- 
ter). The master card is punched with the 
information in the required card columns. The 
board will have wiring only from punch brushes 
to punch magnets, as illustrated in the circled 1 
portion of figure 7-8. No other wiring is re- 
quired. 

The detail/master switch is set to master as all 
cards are to be punched. This sets up a NX detail 
circuitry which allows punching when no im- 
pulse reaches the PX hub. 

The SR and GP COMP switch can be ON or 
OFF as there is no wiring for a control punch. 

A mastci card may not even be required. If 
the information to be gangpunched is short and 
numeric (date) gangpunching may be accom- 
plished by using the emitter vice a punched 
master card. 

Interspersed Master Card 
Gangpunching and Comparing 

Where information to be gangpunched 
changes from one group of cards to the next, 



interspersed gangpunching may be employed. 
This could be in the form of straight or offset 
gangpunching. A different master card is placed 
in front of each group of detail cards. Gan^ 
punching and comparing are then controlled by 
the presence of a control punch in either the 
master or the detail cards. 

Cards to be gangpunched are placed in the 
punching unit. After a handful has been 
punched, they may be compared for accuracy of 
gangpunching by placing them in the reading 
unit. Figure 7-8 illustrates the wiring for inter- 
spersed master card gangpunching and 
comparing. 

1. Information to be gangpunched is wired 
from the punch brushes to the punch magnets. 
This permits each card to pass the punched 
information to the following card. The punch 
brushes must be wired to the corresponding 
punch magnets, column for column. 

2. A punch X brush is set to read the column 
containing the control X, and the corresponding 
PX brush hub on the control panel is wired to 
the PX hub. This causes either X punched cards 
or NX punched cards to be gangpunched, 
depending upon the setting of the detail-master 
switch. If master cards contain the control X, 
the detail-master switch must be set to MAS- 
TER. If detail cards contain the control X, the 
detail-master switch must be set to DETAIL. 
Punching is then controlled by the detail-master 
switch as follows: 

a. When set to MASTER, punching is sus- 
pended when X punched master cards are 
passing under the punch magnets. This prevents 
a master card from being punched with informa- 
tion contained in the last detail card of the 
preceding group. Ali NX detail cards are gan{^ 
punched with information from their own X 
master card. 

b. When set to DETAIL, punching is sus- 
pended when NX master cards are passing under 
the punch magnets. This prevents a master card 
from being punched from the preceding detail 
card. All X punched detail cards are gang- 
punched from their own NX master card. 

3. In order to compare the gangpunched 
cards, the comparing brushes are wired to one 
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side of the comparing unit and the reproducing 
brushes to the other side. The wiring allows 
information punched in one card to be com- 
pared with the information in the following 
card. If the punching differs, the machine stops 
and the comparing indicator points out the 
comparing position in which the error was 
detected* Any comparing positions can be used, 
but the positions which correspond to the 
columns being punched should be used for ease 
in locating an error. 

4. The control field is wired for comparing to 
ensure that the appropriate detail cards follow 
their respective master card. If a master card is 
missing, or if a detail card has been misflled or 
punched with the wrong control data, an error 
will be signalled. 

If time permits, this should be done before 
the gangpunching operation to ensure a cor- 
rectly sequenced file. This requires only a couple 
of minutes more machine time than with the 
double wired board* The cards are processed as 
follows: 

a. The cards are placed in read unit for 
control field comparing. 

b. When a sufficient number have compared 
correctly, the machine is stopped, and cards 
from the read stacker are placed in the punch 
hopper. 

c. The machine is restarted, and gang- 
punching and comparing occur. 

d. The punched cards are stacked until all 
control field comparing is accomplished. 

e. The punched cards are then sent through 
the read unit to ensure that proper 
gangpunching took place. 

5. A read X brush is set to read the column 
containing the control X, and the corresponding 
read X bmsh hub is wired to the RX hub. This 
causes comparing to be performed under the 
control of the detail-master switch, as follows: 

a. If the control X is punched in the master 
cards and the detail-master switch is set to 
MASTER, comparing is suspended when the X 
punched master cards are passing the repro^ 
ducing brushes. This prevents a master card from 
being compared with the last detail card of the 



preceding group. All NX detail cards are 
compared. 

b. If the control X is punched in the detail 
cards and the detail-master switch is set to 
DETAIL, comparing is suspended when the NX 
masier cards are passing the reproducing 
brushes. This prevents a master card from being 
compared with the preceding detail card. All X 
punched detail cards are compared. 

DOUBLE PUNCH AND BLANK 
COLUMN DETECTION 

The double punch and blank column device 
does just what its name implies. Up to 20 hubs 
can be activated for entries into the device. 
When any of these hubs is wired from a read 
station, detection of two or more punches in a 
column and/or a blank column will cause the 
machine to stop and the DP & BC DETECT 
indicator to light. 

Toggle switches are installed when the device 
is installed. There is one switch for each active 
hub. The^ switches are normally located near 
the functional switches (figure 7-9). 

When the hubs are wired, detection of double 
punches is automatic. The additional detection 
of blank columns is optional, and the operator 
must set each toggle switch to ON for those 
desired positions. Detection for blank column 
only is not possible. 

Double Punch Reset Key 

This key (figure 7-9) resets the machine after 
a double punch or blank column error has been 
recognized. The start key must be pressed to 
resume machine operation. 

OPERATING SUCX2ESTI0NS 

The following suggestions aid in obtaining the 
most efficient operation of reproduchig 
punches. 

1 • Consult your procedure book for the job 
you are mnning. Prewired panel numbers are 
indicated, switch settings are documented, place- 
ment of RX and PX brushes is indicated and all 
other requirements for the reproducing or gang- 
punching step are included. 
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If any job requires that you wire a board, a 
wiring diagram should be included in the pro- 
cedure book. 

2. When the stackers must be emptied, stop 
the machine and remove cards from both stac- 
kers before resuming the operation. Failure to 
stop the madiine may result in a card jam. 

3. If cards still remain in the punch feed unit 
when the reproducing operation is flnished 
unload the punch feed hopper. Depress the start 
key and hold it down for three feed cycles in 
order to allow all cards remaining in both units 
to feed into the stackers. 

4. The alignment of punching should be 
checked with a card gauge at the start of each 
job, and periodically during the job. 

5. In many instances a card jam will require 
removal of the brushes. Your supervisor will 
demonstrate the proper procedure for removing 
and replacing brushes, and removing the dam- 
aged cards. After your supervisor has finished 
the demonstration, practice this operation sev- 
eral times. The operation must be carefully 
performed, and can be learned only through 
personal instruction, repeated practice and 
experience. 

6. Always leave a control pand in the ma- 
chine, even when the machine is not in use. This 
will guard against damage to the prongs in the 
machine. 

7. If the comparing unit signals an error while 
verifying a gangpunch operation, empty the 
reading unit stacker and reset the comparing 
unic. Operate the machine for tco feed cycles. 
Compare the error card, which will be the 



second card that moves into the reading unit 
stacker, with the card immediately preceding it. 

8. Whenever the comparing indicator signals 
an error during a reproducing operation, men- 
tally note the error column or columns and reset 
the comparing unit. Operate the machine for 
one card feed cycle, and remove cards from both 
stackers. The top cards removed from the 
stackers will not agree. 

DOCUMENT ORIGINATING MACHINE, 
TYPE 519 

The type 519 document originating machine, 
similar in appearance to the type 514 repro- 
ducing punch, is designed to perform all func- 
tions previously described for the type 514. In 
addition, a print unit provides for printing as 
many as eight digits across the end of a card as it 
passes through the pundi unit If the informa- 
tion is printed from punches in the same card, it 
is referred to as INTERPRETING. If printed 
from a card in the read unit, it is called 
TRANSCRIBING. 

Notice in figure 7-10 that the paths of cards 
through the reading and punching units are the 
same as for the type 514. The only difference is 
in the terminology associated with some of the 
brushes, six read X- brushes instead of five, and 
addition of the print unit, The print units 
function will not he discussed in this manual. 

The two additional lights provided operate as 
follows: 

Print Ught 

The print light comes on when the print unit 
is engaged and ready to print. When the print 

179 



ERIC 



DATA PROCESSING TECHNICIAN 3 & 2 



Rmod 
Hapf>«r 



READ UNIT 



Comporing oihI 
TrQnscflbin9 
Brushes 



RX 



Hopptf 



PUNCH UNIT 



ond Interprtfing 
Brushes 



7- — 1 




Reproducing 




Brushes 


Reod 




Stacker 





M 1 rmiTH 
Print 




Punch 




Stotcon 


Unit 


Punch 
Siodctr 





Figura 7>10.--CMd fMd tchtmatic cyaoram. 



unit is not being used, it should be disengaged to 
minimize wear on the unit and the ribbon. The 
light goes off when the unit is disengaged. 

Chip Box Light 

When the chip box is full, the chip box light 
comes on and the machine stops. The 519 
cannot be restarted while the chip box is 
lemoved. 

CONTROL PANEL 

The appearance of complexity of the 519 
control panel (figure 7-12) is deceiving. It 
contains nothing with which you have not 
already been familiarized, although labeling is 
different. The panel is congested rather than 
complex. 

All the control hubs appear c n the left of the 
panel. These include the RX and PX hubs, 
selector pickup hubs, X and NX control hubs for 
punching and comparing, and control hubs 
rather than functional switches for feed 
syndu-onization. 

The reading, punching and comparing hubs 
are located at H through AA. The first 40 of 
each are located from H through Q and the last 
40 from T through AA. 

Each line of hubs is labeled to indicate all the 
functions connected with their wiring. An exam- 
ple is row H labeled PUNCH NORMAL NX & 
CP. The hubs in this row are the first 40 entries 
to the punch magnets through a path called 
PUNCH NORMAL. They are wired into for 



punching during reproducing for the NX cards. 
They are also wired into when performing 
gangpunching (GP). 

Some hubs have arrows indicated (H and JS, P 
and Q22, etc.) and appear to be switches. They 
are not switches. These arrows appear only to 
assist the operator in board wiring. The arrow 
from J5 to HS, for example, indicates that 
normally row J is wired to row H for gang- 
punching (GP). The abbreviations appear with 
the arrows for explanation. GP means gang- 
punching; GP CH means gangpunch comparing; 
RPD means reproducing. 

PUNCH SELECTOR ENTRIES 
AND CONTROL HUBS 

There are three separate entries to the punch 
magnets. These entries are labeled PUNCH NOR- 
MAL, PUNCH DIRECT and PUNCH TRANS- 
FER. 

Selection of one or more entries is controlled 
by wiring the pickup hubs for punch direct 
and/or punch transfer. These controls are lo- 
cated at H, J and K3 and 4 for punch direct (P 
DIR) and Q3 and 4 for punch transfer (P TFR). 
The pickups are normally wired from the RX or 
PXhubs. 

Figure 7-1 1 shows the schematic for the three 
entries and the P TFR control. As is shown, 
pundi direct and punch normal aie direct lines 
to the punch magnets when no controls are 
utilized. When the P DIR controls are utilized, 
however, all three punch entries may be sus> 
pended from reaching the punch magnets. 
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The P TFR pickup controls only the selection 
between the entries of punch normal and punch 
transfer. When the pickup is impulsed, the 
armature changes connections, and what is wired 
to punch normal does not punch. 

With this type of control it is possible to 
punch constant data through punch direct and 
select, for X or NX cards, either punch normal 
or punch transfer for additional information. 

If only one type (X or NX) card is to be 
punched, two ways are available. 

Punch Direct Method 

Wire into punch direct and control the punch- 
ing by use of the P DIR hubs. If only X cards are 
to be reproduced, wire the appropriate RX hub 
to P DIR pickup and jackplug the X hubs. This 
conditions the machine to punch only when an 
X timed impulse is delivered to the PU. 

If only NX cards are to be reproduced, wire 
the pickup and jackplug the N or leave both the 
X and N unwired. Remember, when the pickup 
is wired and the X jackplugged, an impulse 
reaching the pickup causes punching. Therefore, 
if the X is not jackplugged (the N jackplugged or 
not), the machine is conditioned to punch only 
when an impulse does not reach the pickup. 

Pttnch Transfer Method 

Wire the P TFR pickup and then simply wire 
into the punch entry for the type of card to be 



punched. Punch normal for punching NX cards 
or punch transfer for punching X cards. 

Note: Ensure that the X hubs of P DIR are 
unwired; otherwise all three entries will be 
disconnected from the punch magnets. 

PRINCIPLES OF CONTROL 
PANEL WIRING 

All operations of the type 519 machine are 
directed by control panel wiring. Machine con- 
trols are located on the left side of the control 
panel, while the remainder of the panel is used 
for position wiring. 

REPRODUCING 

The reading and punching units work together 
when performing a reproducing operation. In 
order to synchronize these two units, the repro- 
ducing .switch (REP) located in the top left 
comer of the control panel must be wired ON. 
This switch may be disregarded or wired OFF 
for all other operations. 

Figure 7-12 illustrates the wiring necessary for 
normal reproducing and comparing of all cards. 

1. The reproducing switch is wired ON in 
order to cause both feed units to operate 
together. 

2. The reproducing brushes arc wired to 
punch direct. All cards will be reproduced, since 
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no control punch is used to impulse the punch 
direct pickup hub. Punch normal could be used 
just as well. 

3. The comparing brushes read the source 
card and send the readings to one side of the 
comparing unit. 

4. The gangpunching brushes read the repro- 
duced card, and send the readings to the other 
ttd:; of the comparing unit. When an error in 
punching is detected by the comparing unit, the 
machine stops, the comparing light comes on, 
and the comparing indicator points out the 
comparing position containing the error. The 
comparing unit can be restored by lifting the 
lever at the left of the unit. 

Punching can be controlled so that only one 
type of card, X or NX, will be reproduced. 
Figure 7-13 illustrates the punch transfer 
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method for selective reproducing and 
comparing. 

1 . The reproducing switch is wired ON. 

2. In order to identify the X cards, a read X 
brush is set to read the column containing the X 
punch, and the corresponding RX brush hub on 
the control panel is wired to the punch transfer 
pickup hub. 

3. The reproducing brushes are wired to 
punch transfer. When an X punched card is read, 
the punch transfer hubs are activated, thus 
allowing X punched cards to be reproduced. If 
NX cards were to be reproduced, , the reproduc- 
ing brushes would be wired to punch normal in 
place of punch transfer. 

4. Comparing takes place on the following 
card cycle. The RX brush is wired throuj^ the 
common punch transfer pickup hub to the read 
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delay entry hub. This causes an impulse to 
become available from the read delay exit hub 
one cyde later, just before the X card reaches 
the comparing brushes. The read delay exit 
impulse is then wired to the comparing switch 
pickup hub to control comparing of X or NX 
cards. If the X hubs in the comparing switch are 
jackplugged, comparing is effective for X cards 
only. If the pickup alone is wired, or if the 
pickup is wired and the N hubs are jackphigged, 
comparing would be effective for NX cards only. 

S. The comparing unit is wired the same as 
for normal reproducing. 

Another method of selective reproducing 
would be to wire the ret>roducing brushes to 
punch direct, and wire the RX hub to the punch 
direct pickup hub. Then, if X cards were to be 
reproduced, the X hubs would be jackplugged, 
and punching would be suspended for NX cards. 
If NX cards were to be reproduced, the N hubs 
would be jackplugged and punching would be 



suspended for X cards. Comparing would be 
controlled in the same manner as shown in 
figure 7-13. 



GANGPUNCHING 

Gangpunching from a single master card may 
be performed by wiring the gangpunching 
brushes to either punch normal or punch direct, 
since either entry provkles a path to the punch 
magnets if no punch entry pickup has been 
impulsed. Interspersed gangpunching can be. 
accomplished by either of two methods, punch 
direct or punch tratufer. 

The punch direct method causes suspension 
of all punching when the X or NX cards are 
under the punch magnets, depending upon 
whether the X control punch is in the master or 
detail cards. The gangpunched field cannot be 
wired to end print or to double punch and blank 
column detection when this method is used. 
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llie punch transfer method uses an internal 
selector system lor gangpunching. The punch 
nomial hubs are considered to be the noniial 
side of the selector, and the punch transfer hubs 
the transtera'd side. Thus, when the punch 
iraiistcr pickup hub receives an impulse, the 
punch transfer hubs Ivcome active, and provide 
a path to the punch magnets. At all other times, 
entrance to the punch magnets is provided 
through punch normal. This method must be 
used when the gangpunched field is also wired to 
some other entry, such as end print or double 
punch and blank column detection. 

Comparing is performed in the same manner 
for both methods. When an X punched card is 
rccogni/ed, comparing is either effective or 
suspended^ depending upon the type of card 
which contains the control X. 

In figure 7-14 the punch direct methoil of 
interspersed gangpunehing is used to punch X 
detail cards. 

I. The gangpunehing brushes are wired to 
punch direct* Punch normal could be used just 
as well. 



2. A PX brush is set to read the control X 
punched in the detail cards, and the correspond* 
ing PX brush hub is wired to the punch direct 
pickup hub. 

3. Because the X detail cards are to be 
punched, the punch direct X hubs are jack- 
plugged. This causes punching to be suspended 
whenever NX master cards are under the punch 
magnets. If the master cards contain the control 
X punch, the punch direct N hubs would be 
jackplugged or left unwired to cause punching to 
be suspended for X master cards. 

4* Comparing is performed by wiring the 
reproducing^ bnisiies to one side of the com- 
paring unit and the comparing brushes to the 
other side. 

5. An RX brush is set to read the control X 
punched in the detail cards, and the correspond- 
ing RX brush hub is wired to the comparing 
svMtch pickup hub. 

6. Since comparing is to be suspended when- 
ever NX master cards are under the reproducing 
brushes, the comparing sv/itch X hub is jack* 
pluggeo. If the master cards contain the control 
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X, the comparing switch N hubs would be 
jackplugged or left unwired. 

The wiring for interspersed gangpunching 
using the punch transfer method is illustrated in 
figure 7-15. X punched detail cards are to be 
punched and all cards are to be end printed. 

1. The gangpunching brushes are wired to 
both punch transfer and the print hubs. If 
master cards were to contain the control X, 
punch normal would be wired in place of punch 
transfer. 

2. The PX hub is wired to the punch transfer 
pickup hub. This causes the field which is to be 
gangpunched to reach the punch magnets 
through the punch transfer hubs when X 
punched*detail cards are sensed by the PX brush. 



3. Comparing is controlled in »lie same >«yn- 
ncr as previously described for the punch direct 
method. 

OPERATING SUGGESTIONS 

The first seven suggestions listed under the 
type 514 reproducing punch apply equally to 
the type 519. Suggestion number 8 must be 
modified to allow for the extra printing station 
in the punch unit of the type 519. The machine 
must be operated for two feed cycles after the 
comparing unit has been reset before removing 
cards from the stackers. The top card from the 
punch stacker and the next-to-top card from the 
read stacker will not agree. 
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COLLATORS 



INTRODUCTION 



We know that one of the basic requirements 
for preparing any type of report from punched 
cards is to have the cards in some kind of 
sequence. We also know that the origir.al card 
arrangement is performed on the sorter. Now 
suppose you wish to combine two files of cards 
already in sequence to prepare a report. One 
method would be to place both files together 
and sort them again as one file. This method 
would work, provided you had the time to do it, 
and further provided that all cards in both files 
are to be used in the report. But suppose you 
wisli to use only those cards from one file that 
contain the same control numbers as the cards in 
the other file. Now you have a problem that the 
sorter cannot solve. What you need is a machine 
tliat will merge the two files of cards without 
disturbing their original sequence, and at the 
same time, will select the cards you do not wish 
to use. The collator is designed to do just this 
sort of job, along with various other functions as 
explained later. 

Operations which can be performed on the 
collator fall into five general categories as 
follows: 



I. CHECKING SEQUENCE. After a file of 
cards has been sorted into a desired sequence, 
the file should be machine checked in the 
collator to ensure the proper sequence, is 
througliout the file. The collator performs this 
job in one feed unit by comparing each card 
with the one ahead of it. If any cards are found 
to be out of sequence, the machine can be 
directed by control panel wiring to stop and 
turn on the error light, or select the cards that 
are out of sequence. 



2. MERGING. This is the operation in which 
two files of cards already in sequence are 
combined into one tile. Feeding from two 
different feed units is controlled by comparing 
the cards from one feed with the cards from ihe 
other. The card that contains the lower (or 
higher, depending on the sequence) control 
number will be fed first, providing the control 
panel is wired correctly. The result will be one 
combined file in proper order. 

3. MATCHING. Suppose that instead of 
merging two files of cards, you want only to see 
if the cards in one file match those in the other. 
For this type operation two feeds and four 
pockets are used. Two of the pockets receive the 
matching cards (one for each file), and two 
pockets receive those cards from each file that 
do not match. 

4. MERGING WITH SELECTION. Tliis oper- 
ation is not merging as explained in categoiy 
two. This is the same operation as matching 
except that the matched cards from each file are 
allowed to merge into one pocket. The un- 
matched cards from each file are again selected 
to separate pockets. At the end of this job there 
will be three groups of cards, one group of 
match-merged cards and two groups of un- 
matched cards. 

5. CARD SELECTION. Particular types of 
cards can be selected from a file without 
disturbing the sequence of the others. The type 
selected may be an X or NX card, the first card 
of a group, the last card of a group, a single-card 
group, a zero balance card, a card with a 
particular number, or cards with numbers 
between two control numbers. Shigle cards or 
groups of cards out of sequence can be selected 
also. The type of card or cards selected depends 
upon the operation being performed and control 
panel wiring. 
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COLLATOR GROUPS 

Collators can be classified in two general 
groups- numerical i-id alphabetic. Numerical 
collators, such as the IBM types 77. 85, and 88, 
can process numerical data only, unless a special 
alphabetic collating device is installed; whereas 
alphabetic collators, such as the IBM types 87, 
and 188, can process either numerical or alpha- 
betic data. The types 77, 85, and 87 collators 
are designed along the same lines, both in 
operation and control panel wiring. Therefore, 
an understanding of Che collating principles 
involved for the type 85 as presented in this 
chapter should enable you to adapt your knowl- 
edge to the types 77 and 87 if you should be 
required to operate either of those machines. 
Since the types 88 and 188 collators differ 
considerably from the previous generations, they 
will be discussed separately. 

COLLATOR, TYPE 85 

The type 85 collator (fig. 8-1). is designed to 
perform all the functions previously mentioned. 
In addition, it has the capacity for checking 
blank columns in cards fed from either hopper. 
Blank column detection can be performed 
separately or can be combined with any of the 
other operations. 

OPERATING FEATURES 

The MAIN LINE SWITCH, located on the 
right side of the machine, controls the power 
supply, and must be ON for all machine oper- 
ations. The operating keys and lights, located 
above the stackers, are illustrated in figure 8-2. 

Depression of tlie START KEY starts card 
feeding, while the STOP KEY is used to stop 
card feeding. When the last card has been fed 
from either hopper, the machine stops. The 
RUNOUT KEY must then be held down until 
the cards from the depicted hopper, remaining 
in the machine, have been moved into the 
stackers. Whenever the machine stops because of 
an error or blank column detection, the RESET 
KEY must be depressed before the operation 
can be resumed. 

The READY LIGHT signals that the machine 
is ready to be operated. This light goes off when 



cards are passing through the machine, or when 
the main line switch is turned off. The ERROR 
LIGHT conies on when an error condition is 
recognized by the machine through control 
panel wiring, such as a card out of sequence The 
BCD 1 LIGHT con es on whenever a blank 
column is detected in a field wired to blank 
column detection entry 1. The BCD 2 LIGHT 
comes on if the blank column is delected in a 
field wired to blank column detection entry 2. 

Card Feed Units 

The two feed units in the collator are called 
the PRIMARY FEED and the SECONDARY 
FEED. Cards placed in the primary feed are 
referred to as primary cards, and those placed in 
the secondary feed are called secondary cards. 
Cards are placed in the hoppers face down, with 
the 9 edge toward the throat. Either feed unit 
can feed cards at the rate of 240 cards per 
minute. When using both feeds, the number of 
cards fed per minute will range between 240 and 
480, depending upon control panel wiring and 
the job being performed. 

As cards feed from the primary feed hopper, 
they pass the sequence reading station and then 
the primary reading station. Each station 
consists of 80 reading brushes, which completely 
read the cards one row ai a time. Cards fed from 
the secondary feed hopper pass the secondary 
reading station, consisting of 80 reading brushes. 

Pockets 

After cards are read by the brushes, they are 
directed to one of four pockets, or stackers, by 
control panel wiring. From right to left, these 
pockets are known as pocket 1, pocket 2, 
pocket 3, and pocket 4. Cards fed from either 
hopper will always stack in pocket 2 unless 
directed to one of the other pockets by control 
panel wiring. Primary cards can be selected into 
pocket 1 and secondary cards can be selected 
into pockets 3 and 4. Under no circumstances 
can primary cards be selected into pockets 3 and 
4 nor secondary cards into pocket 1 . 

PRINCIPLES OF OPERATION 

Most collating operations require that two 
numbers be compared. For example, when 
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checking sequence, the imiiiber in one card must 
be compared with the number in the preceding 
card (in the same feed) to see if the cards are in 
the proper order. When merging, the number in 
a card in one feed unit must be compared with a 
number in a card in the other feed unit to see 
which card is to be fed first. When one card is 
compared with another, one of three possible 
conditions may exist; it may be lower, equal to. 
or higher than the other card. 

Correct feed unit selection for card feeding 
and pocket control for card selection are accom- 
plished by proper wiring of control panel com- 
paring unit exit hubs to the feed and pocket 
selection control hubs. The collator can be 
thought of as one big comparing unit as most all 
of the operations are controlled by comparison 
results. 

Schematic Diagram 

Refer to tlgure 8-3. This gives you a look 
inside the machine to see how card feeding and 
brush reading occur. Notice that the primary 
cards pass two sets of brushes while the second- 
ary cards pass only one set. The readings from 
the two sets of brushes in the primary feed unit 
can be compared with each other or with 
readings from the secondary bnishes. Since the 
secondary feed unit contains only one set of 
brushes, readings from the secondary brushes 



can normally be used only for comparing with 
readings from the primary brushes. 

Comparing is performed in either or both of 
two comparing units, the sequence unit and the 
selector unit. Each unit has two sides or en- 
trances and consists of 1 6 comparing positions. 
The sequence unit is normally used for checking 
sequence by comparing the readings from the 
two sets of brushes in the primary feed unit, 
while the selector unit is used for merging or 
matching by comparing a card in the secondary 
feed unit with one in the primary feed unit. 
However, both comparing units operate in the 
same manner and may be used interchangeably 
if desired. 



Control Hnel Hubs 

Figure 8-4 represents the entire control panel. 
The hubs on the left side of the panel are used 
for position wiring while the hubs on the right 
side are used for control. A basic understanding 
of the standard hubs will help you to understand 
the principles involved in wiring the control 
panel for a particular application. Refer to figure 
8-4 and locate the particular hubs as they are 
described. The timing chart (figure 8-5) is 
provided to help you in better understanding the 
hubs and for operations explained later in the 
chapter. 
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Figure 8«3.~Card Feed Schematic Diagram. 
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Figura 8-5.>TimiiHi Chart-IBM 85. 
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1. READ. These three sets of hubs represent 
outlets from the corresponding set of reading 
brushes. 

2. COMPARING ENTRIES. These hubs pro- 
vide entrance to the comparing units and are 
normally wired from the read hubs. The selector 
unit compares two numbers by wiring one 
number to secondary selector entry and the 
other number to the corresponding positions of 
primary selector entry The sequence unit com- 
pares two numbers by wiring one number to 
primary sequence entry and the other number to 
the corresponding positions of sequence entry. 

3. BLANK COLUMN DETECTION. Flexi- 
bility is provided in the blank column detection 
units to allow for checking up to eight blank 
columns from each feed during the same oper- 
ation or up to 16 columns when checking cards 
from one feed only. Operation of these units is 
controlled by the way the BCD control hubs arc 
wired. 

4. DIRECT IMPULSE. The Dl hubs emit an 
impulse each machine cycle, which corresponds 
essentially to a 2-punch in a card. A direct 
impulse must be wired to unused blank column 
detection entry hubs when checking for blank 
columns in order to deactivate these unused 
hubs and prevent false blank column indication. 

5. SELECTOR UNIT CONTROL EXITS. 
These hubs emit impulses whenever a high, low, 
or equal condition exists in the selector unit. If 
the secondary reading is lower than the primary, 
LOW SECONDARY emits an impulse. If the 
primary reading is lower than the secondary, 
LOW PRIMARY emits an impulse. If both 
readings are the same, EQUAL emits an impulse. 
They are normally wired to the functional entry 
hubs or to selector pickup hubs to control card 
feeding and selection. 

6. SEQUENCE UNIT CONTROL EXITS. 
These hubs emit impulses resulting from a high, 
low, or equal comparison in the sequence unit. 
If the sequence reading is higher than the 
primary reading, HIGH SEQUENCE emits an 
impulse. If the sequence reading is lower than 
the primary reading, LOW SEQUENCE emits an 
impulse. If both readings are the same, EQUAL 
SEQUENCE emits an impulse. The high 
sequence and equal sequence exits are normally 
wired to the functional entry hubs or to selector 
pickup hubs to control card feeding and selec- 



tion. Low sequence exit is usually wired to 
ERROR STOP to cause card feeding to stop and 
the error light to turn on when a step-down in 
sequence is detected. 

7. SELECTORS. Card feeding and selection 
can be controlled by proper wiring of the 
selectors. The pickup hubs are normally wired 
from the control exit hubs. They cannot be 
wired from a reading station. Five common 
PLUG TO C hubs, located immediately to the 
right of the selector pickup hubs, emit an 
impulse each card feed cycle. They are normally 
wired to functional entry hubs, either directly or 
througli the normal or transferred sides of the 
selectors to the functional entry hubs, to cause 
card feeding or selection as required. A selector 
will transfer immediately when the pickup hub 
receives and impulse, and will return to normal 
at the end of the controlling impulse. 

8. CYCLE DELAY. This unit operates in a 
manner similar to the selectors, but with two 
notable exceptions. First, the cycle delay unit 
does not transfer until the cycle following that 
on which the pickup impulse is received. 
Second, once the cycle delay unit is transferred, 
it remains transferred until an impulse is re- 
ceived by the DROPOUT (DO) hub. When DO is 
impulsed, the unit returns to normal for the 
following card cycle unless another pickup 
impulse is received. 

9. X SELECTORS. Feeding and selection of 
X or NX cards can be controlled through the use 
of X selectors. Either selector may be controlled 
to operate with either the primary or secondaiy 
feed by wiring the selector HOLD hub from 
either P (primary) or S (secondary). The P hub 
emits an impulse when cards are fed from the 
primary feed, and the S hub emits an impulse 
whenever secondary cards are fed. The pickup 
hubs may be wired from primary read when X 
or NX primary cards are to be selected, or from 
secondary read when the selection of X or NX 
secondary cards is desired. A Plug to C, wired 
through the selectors to the functional entry 
hubs, causes feeding or selection of the desired 
type of cards. 

10. FUNCTIONAL ENTRIES. These hubs ac- 
cept impulses to control feeding and selection of 
cards. They are usually wired from control exits 
or Plug to C. Each hub, when impulsed, will 
cause the following to occur: SECONDARY 
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SELECT 4 directs a secondary card to pocket 4 
while SECONDARY SELECT 3 directs a secon- 
dary card to feed or select into pocket 3. If both 
4 and 3 are impulsed at the same time, pocket 4 
will take precedence over pocket 3. PRIMARY 
SELECT directs a primary card to pocket 1. 
SECONDARY FEED causes a card to be fed 
from the secondary feed hopper. PRIMARY 
EJECT causes a card to move from the eject 
station in the primary feed unit without causing 
a primary feed cycle. PRIMARY FEED causes a 
primary card to be fed from the primary feed 
hopper. ERROR STOP causes card feeding to 
stop and the error light to turn on. It i.s normally 
wired from low sequence. A Plug to C impulse 
must NEVER be wired to error stop, since this 
would result in a card jam without stopping card 
feeding. 

11. BASIC SETUP SWITCHES. It is possible 
to control card feeding for most operations by 
using the basic setup switches in place of wiring 
the control exits and functional entries. How- 
ever, yoi» should first have a complete under- 
standing of how functional wiring is 
accomplished in order to fully realize the rela- 
tionship between these switches and functional 
wiring, and the role that each switch plays in 
performing a given operation. Therefore, a de- 
tailed discussion of the basic setup switches is 
reserved for later in this chapter. 

12. BLANK COLUMN DETECTION CON- 
TROL. Tliese hubs control the use of the blank 
column detection units. Each unit may be 
controlled to operate with either the primary or 
secondary feed by wiring the control entry hub 
from P (primary) or S (secondary). Primary card 
feeding causes the P hub to emit an impulse 
while the S hub emits an impulse during a 
secondary card feed cycle. 

13. CONTROL INPUTS. These hubs allow test 
impulses to enter the comparing units for the 
puipose of determining whether a low, equal or 
high condition exists. The hubs labeled CTRL 
INP are exits which emit impulses every card 
feed cycle. They are normally wired to SEQ 
(sequence) and SEL (selector) to test compari- 
sons in the sequence and selector units. 

A control input hub wired to SEL allows an 
impulse to travel internally through the selector 
unit, where it tests the comparing positions 



wired. This impulse then becomes available from 
one of the selector control exits depending upon 
tlie condition found in the selector unit. 

A control input hub wired to SEQ allows an 
impulse to test the sequence unit in the same 
manner as the selector unit is tested. This 
impulse is then available from one of the 
sequence control exits depending upon the 
condition found in the sequence unit. 

The test impulse in each unit travels from left 
to right, so that the high order position of the 
control field is tested first, and continues toward 
the units position until an unequal condition is 
found or. in the case of an equal condition, until 
the last position in the unit is reached. 

In multi-field operations, (mqjor, inter- 
mediate, minor) the m^or field should be wired 
to the leftmost position of the comparing 
entries, then the intermediate, then minor. 

14. RESTORE. The sides of comparing units 
wired from brushes in the primary feed unit are 
usually cleared each primary card feed cycle to 
allow new readings to enter from the next 
primary card. Likewise, sides of comparing units 
wired from the secondary feed brushes are 
usually cleared each secondary card feed cycle 
to allow new readings to enter from the next 
secondary card. The single hub, labeled S in the 
lower row emits an impulse every secondary 
card feed cycle, and is normally wired to the 
restore S hub directly above it to cause the 
secondary side of the selector unit to clear, or 
restore, each time a secondary card is fed. Each 
of the three common P hubs in the lower row 
emits an impulse each time a primary card is fed. 
These hubs usually are wired to the restore hubs 
directly above to cause both sides of the 
sequence unit (PS and SEQ) and the primary 
side of the selector unit (P) to restore on each 
primary card feed cycle. 

PRINCIPLES OF CONTROL 
PANEL WIRING 

For simplicity and uniform explanation of 
operations and control panel wiring in this 
chapter certain standards are set. 

The msyority of installations utilizing a col- 
lator require, when meiging files of cards, t*iat 
the master cards precede the detail cards in .he 
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meiged file. This is most easily accomplished by 
ensuring that the master card file or the one of 
primary importance is placed in the primaiy 
feed. The basic setup switches are designed to 
operate under this assumption. Although func- 
tional wiring is as versatile as the amount of 
experience of the board wirer, the following 
operations will be explained with the under- 
standing that the primary feed always holds the 
file of primary importance (the master cards or 
the cards to be compared against). 

For wiring in this chapter the following 
additional standards are set: 

1 . The secondary selector entries are always 
wired from the secondary read. 

2. The primary selector entries are always 
wired from the primary read. 

3. Tlie primary sequence entries are always 
wired from the primary read (directly or con- 
tinued from the common primary selector entry 
hubs). 

4. Tlie sequence entries are always wired 
from the sequence read. 

These standards are for this manual only. 
Deviance from the wiring methods presented can 
be successfully accomplished but should only be 
attempted by an experienced DP. 

Sequence Checking 

Sequence checking is a simple operation 
requiring only the use of the primary feed unit. 
The field containing the control number is wired 
from both sets of read brushes to the two entries 
of the sequence unit (see figures 8-3 and 8-6). 
Tliis allows readings of a card at the primary 
read to be compared with .the readings from a 
card at the sequence read. 

The sequence desired (ascending or descend- 
ing) is then checked by utilizing the results of 
this comparison in the sequence unit. (As the 
minority of files are in ascending sequence, all 
figures and explanations in this chapter will deal 
with ascending order. Descending order would 
reverse most functional feed controls.) 

In ascending sequence any time a reading is 
lower at the sequence read than at the primary 
read an error (stepdown) condition is present. 



In the functional control wiring of figure 8-6, 
a plug to C wired to primary feed causes 
continuous card feeding from the primary feed 
unit. Whenever a stepdown in sequence is 
detected, an impulse wired from low sequence 
to error stop causes the machine to stop and the 
error light to come on. 

The functions of the wired control at loca- 
tions Q, U, V. W and X are explained in detail 
under the section on control panel hubs. The 
restore controls are necessary to ensure that 
each new card reading is accepted by the 
comparing unit. Tlie control input directs a 
testing impulse through the comparing units. 
The interiock control provides for proper con- 
trol during runout of the last few cards. These 
controls may not be shown on the partial 
diagrams in this chapter but are required for all 
jobs. 

What has happened inside the machine? 
Examine the analysis charts in figure 8-7. In 
chart A, cards punched with 3 and 4 were found 
to be in sequence, and were stacked in pocket 2. 
The 5 card has just been read by the primary 
read brushes and the reading has been entered 
into the primary side of the sequence unit. The 
following card has just been read by the se- 
quence read brushes, resulting in a 7 being 
placed in the sequence side of the sequence unit. 
Since 7 is higher than 5, a high sequence 
condition exists indicating that the cards are in 
order. 

In chart B, the 5 card has been stacked and 
the following cards have moved up. In this case, 
the 7 card is followed by another 7 card, so an 
equal condition exists, indicting that the cards 
are still in order. 

In chart C, the first 7 has stacked, the second 
7 has moved up and a 6 card has been read into 
the sequence side. Since 6 is lower than 7, a low 
sequence condition is indicated. The machine 
stops and the error light comes on when low 
sequence is wired to error stop. 

Meiging 

When two files are to be combined into one, 
it is an operation of mensing. Basically, there are 
two types of merging, straight merging and 
meiiging with selection. 
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Straight merging combines the files with no 
requirements other than all like control numbers 
be combined into one group and the entire 
combined file be in sequence. This means that if 
the primaiy file contains the control numbers 
1,2,2,4,5,6, and the secondaiy file contains 
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control numbers 1,1,2,3,3,5, the result will be a 
combined file with control numbeis 
1,1,1,2,2,2,3,3,4,5,5, and 6. 

Straight merging can be accomplished in two 
ways using the functional wiring methods. Fig- 
ure 8-8 illustrates the functional wiring required 
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Figure 8-8.-Merginfl, feeding from one feed at a time. 



for one method. (Wiring diagrams tor this 
chapter may not always show the wiring re- 
quired for the left side of the control panel. 
Reference to the schematic (figure 8-3) provides 
station nomenclature for relation to required 

hub wiring.) 

The following is an explanation ot tigure 8-S. 

1. Low secondary is wired to the pickup hub 
of selector I. A Plug to C. wired through t'le 
transferred side of selector 1 to secondary ferd 
causes a secondary card to feed when it is lower 
than the primary. . 

2. The normal side of selector 1 is wired to 
primary feed. Tliis wiring causes a primary feed 
when the primary card is equal to or lower than 
the secondary card, since selector 1 is trans- 
ferred only when a low secondary condition 
exists. 

3. Primary cards can be sequence checked by 
adding a wire from low sequence to error stop. 

Now follow what is happening in the macliine 
by referring to the analysis charts in figure 8-9. 
The analysis charts show three different com- 
parisons made in the selector unit. 

In chart A the primary card is lower than the 
secondary thus requiring a primary feed. 

In chart B the situation is reversed so that the 
secondary card is lower than the primary. This 
calls for a secondary feed. 

In chart C the primary and secondary cards 
aie equal. Because it is customary to file equal 



primaries ahead of equal secondaries, a primary 
feed cycle is desired. 

A second method of wiring for merging is not 
more acceptable than the first. It does, however, 
make better use of machine time. The first 
method causes a card to be fed rom only one 
feed unit at a time. The speed of a merging 
operation can be increased by causing both feed 
units to operate at the same time whenever 
possible. For example, whenever the primary 
and secondary cards are equal one feed cycle can 
be eliminated by causing both feed units to 
operate at the same time. However, when 
multiple primary cards are involved and all equal 
primaries arc to be filed ahead of equal second- 
aries, the secondary feed must be delayed until 
all but the last equal primary card has been fed. 

The analysis charts in figure 8-10 show how 
the sequence unit is used in conjunction with 
the selector unit to control card feeding. 

In charts A and B card feeding is controlled 
by a low primary or low secondary condition in 
the selector unit and the reading in the sequence 
unit is ignored. 

In chart C the primary and secondary cards 
are equal and the primary card is followed by an 
equal primary. If all equal primaries arc to be 
filed ahead of equal secondariest a primary feed 
only is desired. 

In chart D the selector unit contains an equal 
reading while the reading in the sequence unit is 
unequal. This indicates that the last multiple 
primary card has been reached and feeding from 
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both the primary and secondary feed units can 
be accomplished. If there are multiple secondary 
cards, the remaining equal secondaries will be 
treated as low secondaries. 

Functional wiring for simultaneous feeding is 
iilustrated in figure 8-11. 

1 . Low secondary is wired to the pickup hub 
of selector I , and a piug to C is wired through 
the normal side of the selector to primary feed. 
This causes a primary feed on an equal or low 
primary condition in the selector unit, since the 
selector transfers only on a low second ry 
condition. 

2. Plug to C is wired through the transferred 
side of selector 1 to secondary feed. This causes 
a secondary leed on a low secondary condition 
in the selector unit. 

3. Feeding of an equal secondary card is 
dependent upon the reading in the sequence 
unit. Therefore, two selectors must be used. 
Equal is wired to the pickup of selector 2 and 
high sequence is wired to the pickup of selector 
3. Plug to C is wired through the transferred 
sides of selectors 2 and 3 to secondary feed. This 
causes a secondary card to feed on an equal 
condition in the selector unit only if an unequal 
condition is present in the sequence unit. 

4. Primary cards may be sequence checked 
by wiring low sequence to error stop. 

BASIC SETUP SWITCHES 

Some other jobs that may be wired by 
functional wiring are: 



1. Matching 

2. Card selection 

3. Met:ging with selection, single secondaries 

4. Merging with selection, multiple 
secondaries 

The above jobs are listed in order of increasing 
complexity in board wiring. The most complex 
of these is a merging with selection (multiple 
secondaries) Job tliat requires tlie wiring in 
tlgure 8-12. 

Functional wiring can accomplish the job, but 
it is not the simplest method. By use of Ave 
basic setup switches to provide proper feed 
control the functional wiring is reduced to 
mainly pocket control. 

In tlgure 8-13 the basic conditions which 
cause card feeding are wired functionally as 
shown by the dotted lines. The following num- 
bered paragraphs explain how the basic setup 
switches are used to replace the functional 
wiring. 

1 . SEC (Secondary Feed). When this switch is 
wired ON a secondary card is fed on a low 
secondary condition, thus replacing wire 1. This 
switch has no effect when wired OFF. Second- 
ary feeding is further controlled by the primary 
change switch, as explained later. 

2. EJ (Primary Eject). When wired ON, this 
switch causes a primary eject on an '^qual or low 
primary condition, thus replacing wire 2, When 
wired OFF, it has no effect. 
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3. PRI (Primary Feed). The basic function of 
this switch, when wired ON, is to cause a 
primaiy feed on a low primary condition, thus 
replacing \itire 3. It has no function when wired 
OFF. Primary feeding is further controlled by 
the setting of the multiple secondaries and 
selection switch, and the primary change switch, 
as explained later. 

4. PRI CHG (Primary Change). This switch is 
used to condition the primary and secondary 
feed switches, depending on a control change in 
the primary cards. 

When wired ON, primary feeding occurs on an 
equal reading in the selector unit together with 
an equal reading in the sequence unit, provided 
the multiple secondaries and selection switch is 
also wired ON, thus eliminating wire 4A. 

When wired ON, secondary feeding will occur 
on an equal reading in the selector unit together 
with an unequal reading in the sequence unit, 
thus replacing wire 4B. 

When wired OFF, primary feeding will occur 
on an equal reading in the selector unit regard- 
less of the reading in the sequence unit. 

5. MSS (Multiple Secondaries and Selection). 
This switch conditions the primary feed switch. 
When MSS is wired ON or not wired primary 
feeding occurs on an equal reading in the 
selector unit together with an equal reading in 
the sequence unit, provided the primary change 
switch is wired ON. When the MSS is wired OFF 
a primary feed occurs on an equal reading in the 
selector unit regardless of the reading in the 
sequence unit. 

Basically, what happens is that when the 
switches are wired ON, the machine operates on 
the principle that the cards in the primary feed 
unit take precedence and must be fed first. As 
this principle is correct for the m^ority of 
installations' requirements, all five switches are 
wired on for all jobs in this chapter with the 
exception of one. That job is merging with 
selection when there is only one matching 
secondary card for a primary card. This will be 
explained later. 

BASIC SETUP WIRING 

For this manual the wiring for hubs located at 
L 23, 24 and 25 through X 23. 24. 25 and 26 in 



figure 8-14 is standard for the operations of 
merging, merging with selection (multiple sec- 
ondaries), and matching. The only wiring dif- 
ferences between the operations are shown in 
the functional wiring for pocket control and are 
explained in the following paragraphs. 

Merging 

The only functional wiring required for merg- 
ing is lire dotted line in figure 8-14. Tliis wiring 
is for detection of a sequence error. If the file in 
the primary feed has already been sequence 
checked, even this is not necessary. With basic 
setup switches the merging is done by feeding 
from both feeds simultaneously. The basic 
setup, therefore, takes the place of all the wiring 
sliown in figure 8-11. 

Merging witli Selection 
(Multiple Secondaries) 

Merging with selection is actually a process of 
merging all cards from two files that have 
identical (matching) control numbers. Those 
numbers that do not have a match are either low 
primaries or low secondaries and are to be 
selected. This selection is accomplished by the 
functional wiring labeled with a circled 1 in 
figure 8-14. 



Matching 

Matching involves stacking the matched cards 
from both files separately rather than combining 
them into one file. All other aspects of matching 
are the same as merging with selection. 

For functional control of pocket selection 
one wire is required in addition to those for a 
merging with selection operation. The additional 
wiring is labeled with a circled 2 in figure 8-14. 
This wire selects the matched secondary card to 
pocket 3, thereby disallowing the merge action 
to pocket 2. 

Mei:ging with Selection 
(Single Secondaries) 

If a master file is to be merged with a detail 
file and the detail card file has ONLY ONE card 
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Figure 8-14.-Baiic setup diagram for muHipla operations. 



for each control number, the operation can be 
speeded up by wiring the MSS switch OFF. 

In meiging with selection involving multiple 
secondaries, the primary equals are all fed before 
the matching secondaries (equal selector and 



equal s^uenoe condition). When the last equal 
prima#bf each of the groups is detected (equal 
selector and unequal sequence condition) it is 
ejected, no primary feed occurs and the reading 
in the PRI side uf Uie selector unit remains until 

203 



ERIC 



DATA PROCESSING TECHNICIAN 3 & 2 



all secondaiy equals urc led. When the seeondaiy 
control number ehangcs, the comparing unit 
restores and normal reading resumes. 

All of this control is required because there 
are multiple equal secondary cards and they 
must be allowed to merge. 

When there is only one secondary card for a 
primary control number the primary feed does 
not have to be halted. Therefore, the operation 
can be speeded up. This is accomplished by 
simply wiring the MSS switch OFF; all other 
basic setup switches remain wired ON. 

Curd Selection 

In the discussion on merging with selection 
you saw how the .selection of curds from either 



feed was dependent upon the cards in the 
opposite feed. It is possible also to select certain 
cards from either feed independently of the 
other. In this respect, card selection can be 
generally divided into two categories; selection 
of X or NX punched cards from either feed, and 
selection of certain cards from the primary feed 
depending upon the condition in the sequence 
unit. 

X SELECnON.-All X or NX cards can be 
selected from both feeds as a separate operation 
or during another operation. Suppose you weie 
required to merge two files of cards and select 
all cards containing a control X. This could be 
accomplished by the wiring illustrated in figuie 
8-15. 




r— ICO cm.—, 



Figure 8-15.-X Selection. 
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1. The basic setup switches are wired to 
control card feeding. 

2. X selector 2 is controlled to operate with 
the primary feed by wiring tlie P hub to the 
selector HOLD hub. The P hub emits an impulse 
each primary feed cycle, thus causing the selec- 
tor to hold for the feeding of each primary card. 
X-80 primary cards are selected by wiring 
primary read 80 to the pickup hub of X selector 
?. When an X punch is read the selector transfers 
immediately and ren ains transferred for the 
duration of ;hi pickup impulse. A plub to C is 
wired through the transferred side of the selec- 
tor to primary select. All X-80 primary cards 
will stack in pocket 1 and NX-80 primary cards 
will stack into pocket 2. 

3. X selector 1 is controlled to operate with 
the secondary feed by wiring the S hub to the 
selector HOLD hub. The S hub emits an impulse 
each secondary feed cycle causing the selector to 
hold for the feeding of each secondary card. 
X-80 secondary cards are selected by wiring 
secondary read 80 to the pickup hub of X 
selector 1. and wiring a plug to C through the 
transferred side of the selector to secondary 
select 3. All X-80 secondary cards will stack in 
pocket 3. 

4. Plug to C is wired through the normal side 
of X selector I to secondary select 4 so that all 
NX cards in the secondary feed will fall in 
pocket 4. If this wire were omitted NX second- 
ary cards would merge with NX primary cards in 
pocket 2 



The use of the S and P hubs is not restricted 
to the selector with which they seem to appear. 
They emit an impulse on the corresponding card 
feed cycle and may be used to hold either or 
both selectors. For this reason, one selector may 
be used to select secondary cards wiiich contain 
one control X, while the other is used to select 
secondary cards with another control X. By the 
same token, both selectors can be used to select 
two different X punched primary cards. 

SEQUENCE SELECTION. Various types of 
cards, such as the last card of a group, the first 
card of a group, or single card groups, can be 
selected under certain conditions existing in the 
sequence unit. As you can see by the analysis 
chart in figure 8-16. the LAST card of a group is 
at the eject station when a control change 
occurs, and can be selected by wiring high 
sequence to primary select. 

Now refer to the analysis chart in figure 8-1 7. 
Notice that the FIRST card of a group is one 
station away from the eject station when a high 
sequence condition is recognized. Therefore, 
selection of this card must be delayed for one 
card cycle in order for the proper card to be 
selected. This is done by using the cycle delay 
unit. Operation of the cycle delay unit differs 
from other selectors in the collator in two 
respects. First, when picked up, it does not 
transfer until the following cycle. Second, once 
transferred, it remains transferred until returned 
to normal by an impulse received by the 
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Figure 8-16.-Seiecting the last card of a group. 
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DROPOUT (DO) hub. When the DO is impulsed, 
the cycle delay unit will be normal on the 
following card cycle, unless the pickup hub has 
again been impulsed. 

The first card of a group can be selected by 
the wiring shown in figure 8-18. 

1. A high sequence impulse is wired to the 
pickup hub of the cycle delay unit. The unit will 
be transferred one cycle later, when the high 
sequence card reaches che eject station. 

2. A plug to C, wired through the transl'erred 
side of the cycle delay unit to primary select. 



40.70 

tha first c«d of • group. 

causes the high sequence card to be selected into 
pocket 1. 

3. The cycle delay unit is returned to nonnal 
on each card feed cycle by wiring a plug to C to 
DO. 

Single card groups are recognized by a high 
sequence followed by a high sequence. As seen 
in analysis chart A in figure 8-19, card 4, which 
is the first card of a new control group, has 
caused a high sequence reading in the sequence 
unit. Is tliis a single card group? The machine 
must wait one card cycle to find out. In chart B 
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Figur«8-18.-Metingth9 first canl of group. 
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Figura 8-19.-S«ltcting tinsi* card oroupt. 



card 4 is followed by card 5, thereby causing 
two consecutive high sequence conditions. Card 
4 is then recognized as a single card group and 
can be selected. If card 4 had been followed by 
another 4, the requirement that a high sequence 
be followed by a high sequence would not be 
met, and selection would not occur. 

Wiring for selection of single card groups is 
illustrated in figure 8-20. 

1. When a high sequence condition in the 
sequence unit is recognized, a high sequence 
impulse wired to the pickup of the cycle delay 
unit causes the unit to be transferred for the 
following card cycle. 

2. If a high sequence condition still exists on 
the following cyde, a second high sequence 



impulse, wired through the transfeixed side of 
the cycle delay unit to primary select, causes a 
card to be selected. Multiple card groups will be 
stacked automatically in pocket 2. 

3. Plug to C is wired to the dropout hub. This 
causes the cycle delay unit to be normal for the 
next card cyde unless anotiier high sequence 
condition has been recognized. 

Blank Column Detection 

Two blank column detection units provide for 
blank column checking as cards feed through the 
collator, either as a separate operation or in 
conjunction with other operati<m8. A maximum 
of eight columns can be checked in eadi cud 
when detection is required m both feeds, or 16 
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Figure 8*20.-Selecting single card groups. 



columns can be checked when detection is 
required in one feed only. Card feeding stops 
when a blank column is detected, and the blank 
column detection light (BCDl or BCD2) corre- 
sponding to the unit in which the error is 
detected comes on. The reset key must be 
depressed in order to turn off the BCD light. 
Card feeding may then be resumed by depressing 
the start key. The next card stacked from the 
feed in which the error was detected will be the 
error card. 

Each blank column detection unit ean be used 
with either feed, or both units can be wired to 
operate with one feed. The S and P hubs, 
located to the right of the blank column 
detection pickup hubs, emit an impulse each 
secondary and primary feed cycle, respectively. 
Ttic S hub can be wired to a BCD pickup hub to 
hold that unit between secondary feed cycles, or 
the P hub can be wired to the BCD pickup hub 
to hold that unit between primary feed cycles. 

In figure 8-2 1 columns 26-37 of the primary 
cards are checked for blank columns during a 
merging operation. 

1. Primary and secondary cards are merged 
on columns 1-S. 

2. Card feeding is controlled by the basic 
setup switches. 
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3. Control input test the sequence and selec- 
tor units in order for card feeding to be 
controlled. 

4. The secondary side of the selector unit is 
restored each secondary card feed cycle, while 
the primary side of the selector unit and both 
sides of the sequence unit are restored each 
primary card feed cycle, to allow new readings 
to enter tlie comparing units on the next 
secondary or primary feed cycle, as appropriate. 

5. Primary cards are checked for sequence. 

6. Columns 26 through 37 in the primary 
cards are to be checked for blank columns. 
Columns 26-33 are wired to BCD entry 1, and 
columns 34-37 are wired to BCD entry 2. 

7. The pickup hubs of both BCD units are 
wired from P in order to hold both units 
between primary feed cycles. 

8. A direct impulse (DI) is wired to the 
remaining positions in BCD entry 2 in oider to 
prevent false indication of a blank column. 

OPERATING SUGGESTIONS 

A successful collating operation is dependent 
primarily upon proper control panel wiring and 
an understanding of the operation to be 
performed. While it is impossible to describe all 
the sitiiations that you may encounter while 
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collating, the following guidelines apply to all 
operations. 

1 . Always joggle cards into perfect alignment 
before placing them in the feed hoppers. Particu- 
lar care must be observed when placing cards in 
the primary feed hopper because this hopper is 
placed at an angle on the machine. 

2. In any collating operation involving both 
feeds no errors should' exist in the numerical 
sequence of either file. Both files should be 
checked for sequence to avoid misfiled cards. 
The secondary tile can be sequence checked as a 
separate operation, and the primary file can be 
checked during the merging operation. 

3. Any operation involving sequence check- 
ing should be tested at the beginning of the job. 
Insert several blank cards throughout the first 
300 or 400 cards to be checked. The blank cards 
will break the continuity of any series of 
numbers causing the machine to stop when the 
blank cards feed through. If the blank cards fail 
to stop card feeding, either the control panel has 
not been wired correctly or the machine is not 
operating property. 

4. Always depress the stop key to stop card 
feeding. Never turn off the main line switch 
while the machine is in operation. 

5. In case of a card jam depress the stop key 
immediately and tell your supervisor. 
Removal of a card jam can best be learned by 
personal instruction. All damaged cards must be 
repunched or duplicated and manually filed in 
ttwir proper sequence. 

6. The collator automatically stops when 
either feed hopper runs out of cards. The runout 
key must de depressed and held to move the 
cards remaining in 4he machine to the pockets. 
When one hopper becomes empty during a 
merging or matching operation, the runout key 
must be held down until all cards from the 
empty feed have been stacked. Card feeding will 
be performed automatically until the remaining 
hopper becomes empty. The runout key must be 
depressed again and held until all cards are 
stacked. 

COLLATOR. TYPE 87 

The IBM type 87 collator is essentially like 
the 85 in design, features, and operation. The 



major difference lies in the fact that while the 
standard 85 can process numerical data only, the 
87 can process numerical, alphabetic, and special 
character data. 

The type of data which can be processed 
through the type 87 is arranged in ascending 
sequence (low to high) as follows: 

1. Blank column 

2. Special characters in the following order: 



CODE CHARACTER 
12-3-8 

12-4-8 B 

12 & 

11-3-8 $ 

11-4-8 ♦ 
11 

0-1 / 

0-3-8 

04-8 % 

3- 8 # 

4- 8 @ 



3. Letters A through Z. 

4. Digits 0 through 9. 

The type 87 control panel is illustrated in 
figure 8-22. Shaded areas represent optional 
features. Wiring is the same as for the type 85 
with the following exceptions: 

1 . The primary sequence side of the sequence 
unit is wired internally to the primary side of 
the selector. Thus, any reading which enters 
primary selector entry is automatically read into 
the primary sequence entry. There are 19 
positions of comparing available in both the 
sequence and selector units. 

2. The function of the primary change switch 
is performed through internal wiring. The ZONE 
SWITCH, when wired ON, allows both com- 
paring units to recognize zone punches as well as 
numerical punches, making it possible to com- 
pare alphabetic and special character data in 
addition to numerical data. When the zone 
switch is wired OFF, numerical punches only are 
recognized. 

3. Conditions existing in the comparing units 
are tested by internal wiring, thus eliminating 
the control input hubs. 
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Tlie PS hub is inactive. Primary selector 
raagnets and primary sequence magnets are 
restored when the restore P hub is impulsed. 

COLLATOR, TYPE 88 

The IBM type 88 collator, pictured in figure 
8*23, performs all operations previously de* 
scribed for the type 85. In addition, an editing 
feature allows for checking cards in both feeds 
for accuracy of numerical punching. Card feed> 
ing can be stopped whenever a double punch or 
blank column is detected in either feed. Each 
feed unit operates at 6S0 cards per minute. Up 
to 1300 cards per minute can be collated, 
depending upon the operation being performed. 

OPERATING FEATURES 

The switches and keys perform the same 
functions as described for the type 85 collator. 
The lights differ somewhat, as indicated in figure 
8-24, and as explained below. 

If a fuse bums out, card feeding will stop and 
the FUSE UGHT will come on. 

If a card jam has occurred in the rollers of the 
card transport area, the TRANSPORT LIGHT 
comes on. This light goes out after the card jam 
has been removed. 

The DP&BC CHECK LIGHT goes on and card 
feeding stops if a double punch or blank column 
has been detected. An indicating lamp points 
out the position containing the double punch or 
blank column. If a blank column has been 
detected, the indicating lamp will glow continu- 
ously. A double punch causes only a flash on the 
lamp panel when the second punch in a column 
is detected. The reset key must be depressed to 
turn out the signallights before card feeding can 
be resumed. 

If a card fails to feed from either feed, a 
PRIMARY or SECONDARY CHECK UGHT 
comes on. It also comes on, together with the 
DP&BC check light, when a double punch or 
blank column has been detected. Depressing the 
reset key turns out the check lights and permits 
card feeding to be restarted. 

The PRIMARY and SECONDARY CON- 
TROL STOP LIGHTS indicate that card feeding 
has stopped as a result of an error condition, 



recognized by control panel wiring, in the 
corresponding feed unit. Depressing the reset 
key turns out the stop lights and allows card 
feeding to be restarted. 

Card Feed Units 

The primary feed unit is located at the right 
end of the machine, and the secondary feed unit 
is at the left end. Since cards feed from opposite 
directions, primary cards must be placed face 
down with the 9-edge first, while secondary 
cards must be placed face down with the 
12-edge first. It may be easier for you to 
remember that cards are placed face down in 
both hoppers with the 9-edge TO THE LEFT. 
The secondary feed hopper holds approximately 
1200 cards, while the primary feed is equipped 
with a file feed which holds approximately 3600 
cards. 

Pockets 

Five radial stackers, or pockets, are provided 
for receiving the cards. From right to left, they 
are numbered 1 through 5. Primary cards are 
ordinarily stacked in pocket 1 unless selected 
into pocket 2 or 3. Secondary cards stack hi 
pocket 5 unless directed to pocket 4 or 3. 
Merged cards stack in pocket 3. Error cards are 
automatically stacked m pockets 1 and 5; thus 
selected cards should be directed to pocket 2 
and 4 whenever possible. Eadi pocket holds 
approximately 1000 cards. The machine need 
not be stopped to remove cards from the 
pockets. 



PRINCIPLES OF OPERATION 

Most collating operations require that two 
numbers be compared. For example, in order to 
dieck the sequence of a file of cards, the 
number in one card must be compared with the 
number in the preceding card to ensure that the 
cards are in order. When merghig, tlw number in 
a card from one feed must be compared with the 
number in a card from the other feed in order to 
determine which card is to be fed first One of 
three conditions will exist when two numbers 
are compared, low, equal, or high. 
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FigiM 8-23.-IBM TV|M 88 CoUMor. 
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Rgwe 8>24.-M«chins Controlt. 
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The schematic diagram in figure 8-25 shows 
the paths of cards from the hoppers to the 
pockets. Separate sequence units provide for 
checking the sequence of both primary and 
secondary cards. Hie comparing unit provides 
for comparing the cards from one feed with 
cards from the other feed. Cards are directed to 
the various pockets by control panel wiring. 

Control Panel 

Figure 8«26 shows the entire control panel for 
a full capacity machine with the shaded areas 
representing optional features or devices. The 
control panel is divided into two main sections 
with the right side corresponding essentially to 
tiie primary feed, and the left side to the 
secondary feed. 

Biiic Machine L rol 

Regardless of the operation being performed, 
there are four groups of control panel hubs 
which are essentially involved. These hubs can 
be located by reference to figure 8-26. Other 
hubs will discussed when first used for a 
particular operation. 

ALL CYCLES.-Each of these hubs (T. 
17-28) emits an impulse for each machine cycle 



except when a check or control stop light is on. 
ALL CYCLES impulses are usually wired to 
primary or secondary feed if matching or merg- 
ing is not being performed, or to selector pickup 
hubs. They should not be wired to a pocket 
entiy. 

SECONDARY/PRIMARY FEED.-Each feed 
unit has four common feed entry hubs. Second* 
ary feeding occurs when the secondaiy Teed 
hubs (T,13*16) receive an impulse, and primary 
feeding occurs when the primary feed hubs (T, 
29-32) are impulsed. These hubs are not active 
during card feed run-in, nor when the merge or 
match switch is wired. They should be whred 
from ALL CYCLES only. 

SEQUENCE ON, OFF.~The secondary se- 
quence switch (L-N,21) and the primary se- 
quence switch (L-N,43) must be wired for card 
feeding to occur from the respective feed unit. 
The center hub of either switch accepts an 
impulse from either the ON or OFF hub each 
machine cycle to permit card feeding. The OFF 
hub emits an impulse each machine cycle. The 
ON hub emits an impulse each machine cycle 
except when the corresponding sequence unit 
recognized a low sequence condition. If the 
center hub does not receive an impulse, card 
feeding stops and the corresponding control stop 
light goes on. The appropriate sequence switch 
must be wired ON for any operations involving 




Figuit 8>25.~Cinl ftad ichtmatic diagram. 
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sequence checking, and wired OFF for all other 
operations. The sequence units operate when the 
sequence OFF hubs are wired, but the machine 
does not stop when a low sequence condition 
occurs- 

POCKET CONTROL. Primary cards auto- 
matically fall into pocket 1 and secondary cards 
into pocket 5 unless otherwise directed to one 
of the other pockets by control panel wiring. 

The primary pocket control hubs (Q-S, 38^0) 
can be wired to direct primary cards to either 
pocket 2 or pocket 3. The three common pocket 
control exit hubs emit an impulse each machine 
cycle except when a check or control stop U?ht 
is on. These exit hubs can be wired to pockei 2 
or pocket 3, either directly or through selectors, 
to control the stacking of merged or selected 
primary cards. If both pocket 2 and pocket 3 
receive an impulse at the same time, the card 
will be directed to pocket 3. If neither pocket 
entry receives an impulse, the caM will fall in;o 
pocket 1. The pocket control exit hubs are 
inactive when the runout key is depressed if a 
check or control stop light is on. 

The secondary pocket control hubs (Q-S, 5-7) 
can be wired to direct secondary cards to either 
pocket 4 or pocket 3. Either of tlie three 
common pocket control exit hubs can be wired 
to pocket 4 or pocket 3, either directly or 
through selectors, to control the stacking of 
merged or selected secondary cards. If both 
pockets 4 and 3 receive an impulse at the same 
time« the card will be directed to pocket 3. If 
neither pocket entry receives an impulse, the 
card will fall into pocket S. The pocket control 
exit hubs emit an impulse each card cycle except 
when a check or control stop light is on. 

PRINCIPLES OF CONTROL 
PANEL WIRING 

Control panel wiring for typical operations 
which may be performed on the type 88 is 
discussed in the following paragraphs. Analysis 
charts will not be shown, since the sequence and 
comparing units compare the readings from 
cards in the same manner as the type 85. 

Checking Sequence 

Each sequence unit in a full capacity machine 
provides for checking the sequence of up to 22 



columns of data. Each unit can be split into two 
groups of 1 1 positions each by wiring the 
sequence split switches (secondary, P, 21-22 and 
primary, P, 43-44). The secondary sequence unit 
can further be controlled to operate with the 
primary feed by wiring the sequence shift switch 
(L-M, 22). However, to aid yoii in understanding 
how the sequence units operate each unit will be 
treated as one group and will be used with the 
respective feed. 

In figure 8-27 two separate cost analysis files 
are to be sequence checked on job order 
number. 

1. Tlie control field in each file of cards is 
wired from SEQUENCE READ to SEQUENCE 
ENTRY 1, and from PRIMARY and SECOND- 
ARY READ to the corresponding positions of 
SEQUENCE ENTRY 2. As can be seen by 
reference to figure 8-25, the readings from the 
primary and secondary read brushes are com- 
pared with readings from the sequence read 
brushes, resulting in a high, equal, or low 
sequence condition in the sequence units. 

2. An all cycles impulse is wired to secondary 
feed and to primary feed to cause both feed 
units to operate each card cycle. 

3. The secondary and primary sequence 
switches are wired ON to stop the machine when 
a low sequence condition is detected in eitlier 
sequence unit. 

4. Secondary cards are directed to pocket 4, 
and primary cards to pocket 2. Pockets 1 and 5 
are reserved for error runout. 

Meiging 

In order to meige two files of cards the 
comparing unit must be used to compare the 
control field in one file of cards with the control 
field in the other file. The comparing unit in the 
full capacity machine is capable of comparing a 
maximum of 22 columns of data. 

In addition to the comparing unit both 
sequence units must be used for a merging 
operation. Card feeding is controlled by the 
MERGE SWITCH (L^M, 44). When this switch is 
ON, internal circuits are set up to control card 
feeding from either feed, thus avoiding consider*- 
able control panel wiring. With the sequence and 
comparing units properly wired, and the merge 
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switch wired ON, card fbcding is . controlled 
under one of five conditions as follows: 

L Primary feed on a low primary. 

2. Secondary feed on a low secondary. 

3. Primary feed on an equal reading in the 
comparing unit together with an equal sequence 
reading in the primary sequence unit. 

4. Primary and secondary feed on an equal 
reading in the comparing unit together with a 
high sequence reading in the primary sequence 
unit. The primary card will feed first. 

5. Primary and secondary feed on an equal 
reading in the comparing unit, high sequence 
reading in the primary sequence unit, and an 
equal sequence reading in the secondary se- 
quence unit. In this case, the equal secondary 
sequence condition interlocks the primary feed 
to prevent further feeding of primary cards until 
all equal secondaries have been fed. 

Figure 8-28 illustrates the wiring necessary to 
merge two flies of cards. 

1. The primary and secondary control fields 
are wired to the comparing and sequence units. 

2. The merge switch, when wired ON, auto- 
matically controls merging. 

3. Primary and secondary sequence switches 
are wired ON, causing card feeding to stop when 
an error in sequence is detected in either 
sequence unit. 

4. All cards are directed to pocket 3. 

Merging With Selection 

Cards from either feed that do not match a 
card in the other feed can be selected during a 
merging operation. Each condition that can exist 
in the comparing unit is represented by a 
selector (Q-S, 17-28). There are two sets of 
identical selectors for the comparing unit. One is 
labeled comparing A, and the other is comparing 
B. Either one of these may be used, whichever is 
the most convenient. 

One of the comparing selectors (in A and B) 
transfers each machine cycle, depending upon 
the condition in the comparing unit. For 
example, if an equal reading is present in the 
comparing unit, the EQUAL selectors transfer, 
and any impulse entered into C (common) is 



available out of T (transferred). When a selector 
is not transferred, a connection exists between C 
and N (normal). 

Wiring for merging witli selection is illustrated 
in figure 8-29. 

1. The control fields are wired the same as 
for straight merging. 

2. Primary and secondary sequence switches 
are wired ON. 

3. The merge switch is wired ON to control 
c'«r* ''ceding. 

4. ' Vet control is wired through the trans- 
ferred sijc the equal comparing selector to 
pocket 3. ?auses equal cards from both 
feeds to meri'* into pocket 3. 

5. Pocket control is wired straight to pockets 
2 and 4 to select low primaries and low 
secondaries. Since an impulse wired to pocket 3 
takes precedence over an impulse wired to 
pockets 2 and 4, the only time cards will be 
stacked in pockets 2 and 4 is when the reading 
in the comparing unit is other than equal. 

Matching 

The comparing unit and both sequence units 
must be used for a matching operation. When 
the MATCH SWITCH (M-N, 44) is wired ON, 
card feeding is automatically controlled under 
one of five conditions as follows: 

1 . Primary feed on a low primary. 

2. Secondary feed on a low secondary. 

3. Primary and secondary feed on an equal 
reading in the comparing unit, high primary 
sequence reading in the primary sequence unit, 
and a high secondary sequence reading in the 
secondary sequence unit. 

4. Primary and secondary feed on an equal 
reading in the comparing unit, higii primary 
sequence, and equal secondary sequence. The 
equal secondary sequence condition interlocks 
the primary feed to allow continuous feeding of 
multiple secondaries until a high secondary 
sequence reading is reached. 

5. Primary feed on an equal reading in the 
comparing unit, equal primary sequence and 
high secondary sequence. The equal secondary 
card is held and fed with the last equal primary 
card. 
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The wiring for matching is ihustrated in figure 
8-30. 

1. The control fields are wired the same as 
for straight merging. 

2. Primary and secondary sequence switches 
are wired ON. 

3. Tlie match switch is wired ON to control 

card feeding. 

4. Matched primary cards are direct to poc- 
ket 2 and matched secondary cards to pocket 4 
by wiring POCKET CONTROL througli the 
transferred side of the equal comparing selector 
to pockets 2 and 4. Unmatched primaries and 
secondaries are automatically directed to poc- 
kets 1 and 5 respectively. 

Card Selection 

Certain cards may be selected from a file 
under many varying conditions through the use 
of selectors. Control panel hubs which are used 
to control selectors are illustrated in figure 8-3 1 . 

1. Each selector has two sets of pickup hubs 
which must be impulsed at the same time in 
order for the selector to transfer. A single 
impulse wired to one pickup can be jackplugged 
to the other, or each pickup can be impulsed 
from a different source. When both upper and 
lower pickups are impulsed at the same time, a 
selector transfers immediately. If neither pickup 
hub receives an impulse, or if only one is 
impulsed, the selector remains normal. 

2. Each selector has two sets of common, 
normal and transferred hubs. An internal con- 
nection exists between common and normal 
when a selector is not transferred, and between 
common and transferred when the selector is 
transferred. These connections are made only 
between hubs in each particular set. For ex- 
ample, an impulse entered into common of the 
lower set cannot be obtained from the normal or 
transferred hubs of the upper set, and vice versa. 

3. Each selector has a set of common selector 
assignment entiy hubs which are used to assign a 
selector ta operate with the primary or second- 
ary feed, or for control use. These entry hubs 
must be wired from primary, secondary, or 
control exit only. 



4. A secondary exit impulse, emitted each 
secondary card feed cycle, can be wired to a 
selector assignment entry to allow a selector, 
picked up from any source, to reamin trans- 
ferred until the start of the next secondary card 
feed cycle. 

5. A primary exit impulse, emitted each 
primary card feed cycle, can be wired to a 
selector assignment entry to allow a selector, 
picked up from any source, to remain trans- 
ferred until the start of the next primary card 
feed cycle. 

6. When a control exit impulse is wired to a 
selector assignment entry, the selector can be 
picked up on any machine cycle during control 
time (after card reading time) and will remain 
transferrred through the reading of the next card 
(except the last digit). These hubs emit an 
impulse each machine cycle. 

7. When a primary or secondary exit is wired 
to a selector assignment entry, the selector can 
be held transferred by wiring SELECTOR 
HOLD. Once the selector transfers, it will 
remain transferred until the hold circuit is 
broken. This is done by wiring the hold exit 
through another selector to HOLD ENTRY. 

8. Tlie PRIMARY X AND O hubs emit an 
impulse corresponding to the X and O punching 
positions each primary card feed cycle. They are 
normally wired to one of the selector pickup 
hubs to condition the selector to transfer when 
an X or O is read from a primary card. 

9. An impulse is emitted by the SECOND- 
ARY X AND O hubs each secondary card feed 
cycle. These impulses are normally used to 
condition a selector to transfer when an X or O 
is read from a secondary card. 

It. is possible to perform many selection 
operations if you have a thorough understanding 
of how selectors work. While it is impossible to 
list all the methods of selection in this manual, 
the wiring shown in figure 8-32 may help you to 
adapt selectors for other types of card selection. 
In this illustration, secondary cards punched 
with an X are selected, and the first card of each 
primary control group is selected during a 
merging operation. 

1. Wiring for merging is performed in the 
usual manner, with the exception of pocket 
control. 
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2. X-punclied secondary cards are selected by 
wiring secondary read 80 to one pickup of 
selector 1. and a secondary X impulse to the 
other pickup. Selector 1 will be transfened 
when an X-80 secondary card is read. 

3. Selector 1 is held for a secondary card feed 
cycle. 

4. A pocket control impulse is wired through 
the transferred side of selector 1 to pocket 4, 
and through the normal side to pocket 3. This 
causes all X-80 secondary cards to stack into 
pocket 4 and all NX-80 secondary cards to 
merge into pocket 3. 

5. The first card of a primary control group is 
recognized by a high primary sequence condi- 
tion. Since this card is not in stacking position, 
as seen by reference to figure 8-25, selection 
must be delayed until the following primary 
card feed cycle. A PRIMARY CYCLES impulse, 
emitted each primary card feed cycle, is wired 
through the transferred side of the high primary 
sequence selector to both pickups of selector 3. 
Since the primary cycles impulse cannot reach 
selector 3 pickup until the primary card feed 
cycle following the cycle on which a high 
primary sequence condition was recognized, 
selector 3 will be transferred when the first card 
of a primary control group has reached the 
stacking position. 

6. Selector 3 is held for a primary card feed 
cycle. 

7. A pocket control impulse, wired through 
the transferred side of selector 3, directs the first 
card of primary control group to pocket 2. Th? 
same pocket control impulse, wired through the 
normal side of selector 3, causes all other 
primary cards to merge in pocket 3. 

Editing 

Cards in each feed should always be checked 
for double punches »r blank columns to assure 
accuracy of any giv: collating operation. This 
check can be perfor* .d separately or in con- 
junction with other operations. For purposes of 
simplicity, wiring for double punch and blank 
column detection as a separate operation, using 
both feeds, is shown in figure 8-33. 

1. Primary and secondary read are wired to 
COMPARING AND DPBC entry. These entry 



hubs provide entrance to the comparing unit for 
comparing and for double punch and blank 
column detection. A double punch is recognized 
as two or more digits 0 through 9 punched in a 
single column. Control X or 1 2 punches are not 
detected as part of a double punch. 

2. The blank column control hubs must be 
jackplugged if blank columns in addition to 
double punches are to be detected. 

3. Tht primary and secondary READ IN 
switches are wired. This wiring causes the 
readings in the selector unit to clear each card 
cycle in order to allow a new reading to enter. If 
the MERGE or MATCH switch is wired, the 
READ IN switches need not be wired since 
read-in is then internally controlled. 

4. The sequence switches are wired OFF to 
permit card feeding. 

5. Cards feed continuously from both feeds 
by wiring ALL CYCLES to primary and second- 
ary feed. Since pocket control is not wired, 
primary cards are directed automatically to 
pocket 1, and secondary cards to pocket S. 

6. The DPBC switches are wired ON to 
cause the machine to stop and the signal lights 
to turn on when a double punch or blank 
column is detected. 

COLLATOR, TYPE 188 

The IBM type 188 collator shown in figure 
8-34 performs all operations mentioned previ- 
ously for the type 88, and can also process 
alphamerical data. The alphamerical collating 
sequence can be selected on the control panel 
for the desired application. The type 188 uses 
magnetic core storage for its comparing rather 
than electromagnets. 

OPERATING FEATURES 

The switches, keys, and lights on the oper- 
ator's panel (fig. 8-35) allow operations control 
and indicate the condition of the machine while 
running or conditions that may have caused feed 
stoppage. The operating switches and keys are 
essentially the same as for the type 88 with the 
exception of the STORAGE SELECTOR 
SWITCH that works in conjunction with the 
POSITION ADVANCE KEY. These two wiU be 
explained under operating procedures. 
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R49.S3.3X 

Figura 8^.-IBM Type 188 CoUat07. 




R49.53.3X 

Figurt 8-35.-Typf 188 Machine Controls. 
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Feed 'top Ughts 

The PRIMARY and SECONDARY LIGHTS 
are used with the feed stop lights to indicate the 
feed that caused the stop. 

The CONTROL PANEL LIGHT indicates that 
the machine stopped due to an error condition 
recognized by control panel wiring, such as the 
cards being out of sequence. 

The FUSE LIGHT signals a blown fuse, while 
the TRANSPORT. CARD LEVER, and CARD- 
GAP LIGHTS all indicate a card jam or 
misfeeding. 

A malfunction in the controls of the feed 
knives and feed rolls which control the move- 
ment of cards is indicated by the CLUTCH 
UGHT. 

The CODE CHECK LIGHT comes on when a 
double punch or blank column error is detected 
in storage. 

Indicating Ughts 

The FEED INTERRUPT LIGHT signals that 
power is on but cards are not feeding. It goes off 
when cards are passing through the machine. 
The STORAGE DISPLAY UGHTS and POSI- 
TION INDICATOR LIGHTS will be explained 
under operating procedures. 

The ANSWER LIGHTS indicate the results of 
the comparison between the storage units. 

PRINCIPLES OF OPERATION 

You have learned that in any operation 
accomplished by collators, cards are read and 
their numbers compared. The results of the 
comparison are then used to control advance- 
ment of cards and pocket selection. 

The schematic diagram in figure 8-36 shows 
the reading stations, secondary and primary 
storage areas, the comparing action and resultant 
answers, and the five pockets. 

Read Stations 

The primary and secondary feed units contain 
only one set each of 80 read brushes. 

Stoiage Units 

The storage units consist of 16, 22 or 28 
positions of magnetic core storage, depending on 



the machine model. As only one read station is 
provided in each feed unit, control panel wiring 
requires only that the impulse be delivered to 
one storage SEQUENCE ENTRY. The data 
enters the sequence side of the SECONDARY or 
PRIMARY storage unit from the respective 
reading station. 

After the initial read-in is completed from the 
brushes to the sequence-storage area, a second 
storage area is needed for comparing two cards 
in one feed. Tliis is provided by another group 
of magnetic cores in each unit. The primary 
sequence data is transferred to the PRIMARY 
area, and the secondary sequence data is trans- 
ferred to the SECONDARY area. The read-in to 
primary or secondary storage is an internal 
transfer of data from sequence storage. This 
transfer of data takes place at the beginning of a 
card-feed cycle before new data is read into 
primary sequence storage. 

At the end of each' read-in cycle, a comparing 
operation is executed by the machine circuitiy 
for detection of a sequence error in either feed. 
This compares each position of storage serially 
from high to low-order. The high-, low- or 
equal-condition sensed by this comparison is set 
in the machine circuitiy for feed control and 
pocket selection on the control panel, if any 
selection is wired. 

When both feeds are being operated, a com- 
parison also takes place between the secondary 
and primaiy core locations. This is called a 
CROSS COMPARE, and one of three answers is 
available for control panel wiring. 

Pockets 

After cards are read, they pass into one of five 
pockets or stackers. The operator can lift out 
the cards in proper sequence without stopping 
the machine. Each pocket, holding approx- 
imately 1000 cards, is equipped with a pocket- 
stop lever to stop card feeding when the pocket 
isfuU. 

The five pockets are numbered 1 of S from 
right to left, and are designated according to the 
cards stacked in them: 

Pocket 1 -Primaries 
Pocket 2-Selected Primaries 
Pocket 3 -Merged Cards 
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Figure 8-36.-SchMnatic diagram. 



Pocket 4-Selected Secondaries 
Pocket S -Secondaries 

Primary cards normally go into pocket 1, 
unless directed by control-panel wiring to poc- 
kets 2 or 3. Secondary cards normally go into 
pocket S, unless directed by control-panel wiring 
to pockets 3 or 4. Pocket 3 is common to both 
feeds and serves as the merging pocket. Error 
cards automatically run out to pockets 1 and 5. 
Therefore, when possible, pockets 2 and 4 



should be used for selected cards, reserving 
pockets 1 and 5 for error cards. 

The cards enter the pocket so that they stack 
on the 80-column end. As wie cards fill the 
stacker, they arc pushed to the front of the 
pocket to keep the back area dear for the cards 
entering. The pocket is equipped with a card 
pusher that forces the cards to the front until 
the capacity of the pocket (approximately 1000 
cards) is reached. At this point the pocket-stop 
switch is activated and the machine is stopped. 
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Control Panel 

The control panel for a full capacity machine 
is shown in figure 8-37 with the shaded areas 
representing optional features. The upper right 
portion of the two-section panel corresponds 
essentially to the primary feed and the upper 
left side to the secondary feed. The lower part 
of each section is used for control. 

The basic setup and basic machine control 
hubs can be located by referring to figure 8-37 
as they are described below. Supplemental hubs 
will be discussed when used. 



MERGE/MATCH (C,D,E,44).-These switches 
are used to establish a basic setup. By wiring the 
switch for the appropriate application, internal 
wiring automatically controls card feeding and 
error checking. 

ALL CYCLES (J,K,L, 14,31). -Each of these 
six exit hubs emits an impulse on each mschine 
cycle. All cycles impulses are normally wired to 
feed entries or pocket select entries. 

PRIMARY FEED (J,K.L,33).-An impulse to 
any one of these hubs picks the primary and 
primary eject clutch, causing a primary feed. 
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PRIMARY EJECT (J,K,L,32).-An impulse to 
one of these hubs operates the primary eject 
dutch to cause a card to be moved from the 
eject position to the stacker. 

SECONDARY FEED (J,K,L,13).-Picks the 
secondary clutch when impulsed, causing a 
secondary feed. 

POCKETS 2,3, AND POCKETS 
3, 4, ( J, K, L, 1 5 , 1 6, 29, 30).-These are entry hubs 
used to control the stacking of cards into various 
pockets. They are nromally wired from ALL 
CYCLES, selected impulses, or from impulses 
generated from compared data in the storage 
positions. 

POSITION RING (N-T, 17-22; U-AK, 
17.19) _The number of tliese positions is the 
same as the storage capacity. They emit impulses 
in time with the corresponding position that is 
being read out of storage internally «nd are 
normally wired to the mode control hubs. 

Modes 

The storage units containing the data for 
comparison can be compared in three modes, 
controllable on a columnar basis. The mode of 
comparison can be selected on the control panel 
for the specific application, concurrent with 
other applications. The three modes of com- 
parison are: 

ALPHAMERICAL (T, 13-!6).-This mode 
provides a comparison with a low-to-high order 
of Blank, 1 1 special characters, A-Z, 0-9. In this 
mode double-punch detection is automatic. 
Therefore, special characters that have two digits 
in their coding are detected. When this condition 
exists, the code-check suppress switch must be 
wired ON for the columns containing these 
characters. 

The alphamerical coUating sequence (low-to- 
high) recognized by the IBM 188 CoUator is: 



1. Blank column 

2. 11 -special characters 

12-3-8 
12-4-8 



12 

11-3-8 

11-4-8 

11 

0-1 

0-3-8 

0^8 

3- 8 

4- 8 

3. Letters A through Z 

4. Digits 0 through 9. 



(&) 

($) 

(♦) 

(-) 

(/) 

(.) 

(%) 

(#) 

(@) 



(.) 



NUMERICAL BLANK DETECTED (U, 
13-16).-This mode provides comparison with a 
low-to-high sequence of 0-9. A Wank or multiple 
punch (0-9) is detected as an error. Card 
columns can be overpunched with an 11 or 
12-punch orboth. 

When wired for numerical mode, the first 
column NOT to be collated or sequence checked 
must be wired from position ring exit corre- 
sponding to that position to either of the other 
two modes. 

NUMERICAL-BLANK EQUAL ZERO (V, 
13.16) -This mode provides comparison with a 
low-to^high sequence of Blank or Zero, 1-9. 
Blanks are treated as zeros and do not cause a 
validity-check error. Double punching (0-9) is 
considered an error. Columns can be over- 
punched with an 1 1- or 12-punch or both. 

PRINCIPLES OF CONTROL 
PANEL WIRING 

There are many operations that can be per- 
formed on the 188 collator and several different 
ways to wire the control panel to obtain the 
desired results. The foUowing paragraphs illus- 
trated with wiring diagrams describe some of the 
typical applications. 

Checking Sequence 

Figure 8-38 illustrates the control panel wi^ 
faig for sequence checking cards in the primary 
feed using the three modes of control. Three 
fields are to be sequence checked. Columns 1-5 
are alphamerical field, columns 6-12 are numer- 
ical, and columns 13-15 are numencal-blank 
equal zero. 
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ALPHA MODE NUMERICAL 



ZERO MODE 
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Figure 8-38.-Checking Sequence. 
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1. The control fields are wired from PRI- 
MARY READ to PRIMARY SEQUENCE 
ENTRY. This wiring causes data to be read into 
the storage units. 

2. The high, low, or equal comparison in the 
storage units is available at the answer hubs, so 
the wiring to sequence check the ascending 
order of the cards is LOW PRIMARY SE- 
QUENCE to PRIMARY STOP. 

3. Wire ALL CYCLES to PRIMARY FEED 
to feed cards every machine cycle, and to 
POCKET 2 to stack all cards in pocket 2. 



4. POSITION RING 1 is wired to ALPHA 
MODE PRIMARY to set the circuitry for the 
first field (1-5). 

POSITION RING 6 is wired to NUMERICAL 
MODE PRIMARY for the second field (6-12). 

POSITION RING 13 is wired to BLANK 
EQUAL ZERO MODE PRIMARY for the 13-15 
field 

POSITION RING 16 is wired to BLANK 
EQUAL ZERO MODE PRIMARY so that the 
unused positions of storage are treated as zero. 
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This conditions storage so that blank column 
detection will not affect the remaining positions. 

Checking sequence in the secondary feed 
could be done by duplicating the wiring utilizing 
the secondary hubs, and stacking secondary 
cards into pockets 3 or 4. 

Merging 

The MERGE SWITCH controls card feeding 
from either feed in a merging operation. The 
machine automatically stops on a low sequence 
condition. 



Wiring for a numerical merging operation is 
illustrated in figure 8-39. 

1 . The primary and secondary control fields 
are wired to the primary and secondary se- 
quence entries. 

2. Merge switch is wired to control .card 
feeding. 

3. All cycles wired to pocket control 3 in 
both feeds direct the cards to the merge pocket. 

4. Position ring 1 is wired to numerical mode 
hubs of both feeds to set the circuitry. Position 
ring 6 is the first column not to be collated or 
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Figure 8-39.-Merging. 
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sequence checked and must be wired to the 
blank equal zero mode or alpha mode. 

MeigiQg With Selection 

The cross compare hubs are associated with 
their respective storage areas. They are used for 
controlling the machine operation according to 
the results of the comparisons made between the 
data in primary and secondary storage. 

Wiring for merging with selection is illustrated 
in figure 8-40. 



1 . The control fields are wired the same as 
for straight merging. 

2. Wire merge switch to control card feeding 
automatically. 

3. Wire equal cross compare answer hubs to 
select pocket 3 for both primary and secondary 
cards. 

All cycles wired to pocket 2 selects low 
primary cards into pocket 2. All cycles wired to 
pocket 4 select low secondary cards into pocket 
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4. When equals feed, the impulse to pocket 3 
takes precedence. 

4. Wire position ring 1 to alpha mode. 
Matching 

The match switch controls card feeding on a 
matching operation by internal circuitry. The 
machine stops automatically on a low sequence 
condition and operates in the same pattern as 
the merging operation, with the exception that 



the primary and secondary feed simultaneously 
when the comparing areas are equal. 
The wiring for matching is illustrated in figure 

8^1. 

1. The control fields are wired the same as 
for straight merging. 

2. Wire match switch to control card leedmg. 

3. Equal cross compare answer hubs are 
wired to pockets 2 and 4. This causes the 
matched cards in the primary and secondary to 
stack in pockets 2 and 4 respectively. The 
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unmatched primaries and secondaries stack into 
pockets 1 and 5 respectively. 

4. Position ring 1 is wired to numeric mode, 
and the first column to be ignored is wired to 
blank equal zero. 

OPERATING PROCEDURES 

This section contains the explanation of keys, 
lights and switches involved in the operator's 
procedures for hanfling error conditions. 

Magnetic Core Storage 

The data is represented in storage in a special 
coding structure. For each character position of 
storage there are 10 bits. The bits are labeled 
from left to right: Gl, G2, 12, 1 1. 0. A. B, C, D 
and E, as shown in figure 8-42. The character 
code chart shows the bit combinations that 
appear for each acceptable character in storage. 

Storage may be interrogated to determine 
what characters are present in the storage areas 
by the STORAGE SELECTOR SWITCH, POSI- 
TION ADVANCE KEY, POSITION INDICA- 
TOR LIGHTS and the STORAGE DISPLAY 
LIGHTS. The storage interrogation is not possi- 
ble without the code check light being on, 
which, in turn, activates the POSITION AD- 
VANCE KEY. 

Storag^Selector Switch 

The storage-selector switch is a rotary switch 
with five settings: OFF, SS, S, P. and PS (off. 
secondary sequence storage, secondary storage, 
primary storage, and primary sequence storage). 
The switch can be manually rotated to select the 
particular storage unit to be interrogated by the 
position-advance key. Or, it can be set to the 
OFF position to turn OFF all the lights except 
the feed-stop lights. Until an error condition is 
detected, this switch is normally set to OFF. 

Postioii-Advance Key 

The position advance key is used to advance 
the position ring one step at a time to interro- 
gate the four storage units position by p«. ition. 
It woiks in conjuction with the storage-seiector 



switch and is activated by a feed stop caused by 
a code-check condition. 

Storage-Display Lights 

The storage-display lights are used to display 
the information in each position of storage one 
position at a time. The character code chart 
should be consulted for the displayed code. For 
example, if a position in storage contained the 
letter A, it would be represented on the display 
lights by the 1 2, A, and B lights. The display 
lights are changed as the position advance key is 
operated when the code check light is ON. 

Position-Indicator Lights 

The position-indicator lights show the posi- 
tion of storage being interrogated. 

Runout Key 

When the last card is fed from either hopper, 
card feeding stops with three cards still in the 
feed. If these cards are to be run out, the runout 
key must be pressed until the feed with the 
empty hopper takes one cycle. Normal com- 
paring and functional operations occur. The 
machine then continues operating until the 
opposite feed hopper is empty. The runout key 
must be pressed again and held until all the 
remaining cards have run out. 

The runout key is also used whenever card 
feeding stops resulting in a feed-stop light 
coming on. Cards must be removed from the 
corresponding hopper before that feed can be 
run out. 

Reset key 

The reset key is used to reset any enor 
condition that is indicated by a feed-stop light 
except FUSE and TRANSPORT. Pressing this key 
also resets the indicator light and permits a 
continuation of the operation. If a visual check 
is to be made of an error condition in storage 
when the code-check light is on, RESET must 
not to be pressed until after the check is 
completed. 
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Code Check Ught Procedures 

A machine stop with the code-check light ON 
indicates that a double punch or a blank column 
has been detected. The primary or secondary 
Ught turns ON in conjunction with a feed-stop 
light to indicate the feed in which the condition 
occurred. 

When the code-check light is ON, the operator 
can check storage to see what data is in each 
position being used. The procedure for checking 
storage is: 

1. Do not reset the code-check light. 

2. Observe the position-indicator light. This 
shows the first position of storage having a 
double punch or blank column. 

3. Rotate the storage-selector switch to pri- 
mary or secondary-sequence storage as indicated 
by the primary or secondaiy light. 

4. Additional positions of storage should be 
checked for double punching or blank columns 
by pressing the position-advance key. This key 
causes the position ring to step, one position at a 
time, through all the positions of storage. It then 
loops back from the highest position to position 
one to repeat the operation. It is necessary only 
to operate the position-advance key to the end 
of the field being compared. 



5. Check the storage display lights for each 
position to determine the bit configuration 
representing the character in storage. Check the 
character-code chart (figure 8-24) for the bit 
coding for alphabetic and numerical characters. 

6. To check the card in question, run out 
cards with the runout key without resetting the 
code-check light. 

7. Three cards are fed into pocket 1 on 
runout. The second card in the pocket is the 
card in error. 

8. Beginning at a convenient contrpl break, 
place the cards in the hopper and press the reset 
key. 

9. Press START to continue operation. 
Other Error Procedures 

When a misfeed or card jam occurs, the 
machine stops and a card gap, card lever or 
transport light turns on. For these indicator 
you should have your supervisor or an experi- 
enced operator show you the correct proce- 
dures. 

Do not attempt to correct these conditions 
without proper supervision (until you have 
gained sufficient supervised experience). Damage 
to the machine and/or harm to yourself may 
result. 
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INTRODUCTION 

The punched card accounting principle is 
composed of three basic steps. First, source data 
must be converted to punched cards. Second, 
these cards must be sorted to the sequence in 
which they are to be used. Third, the finished 
product, usually in the form of a printed report, 
must be prepared. This chapter discusses the 
machines used to accomplish the third step. 

Accounting machines are designed to print 
and accumulate data contained in punched cards 
at speeds to 150 cards per minute. The speed of 
operation depends upon the type of machine 
used and the particular job being performed. 
Operations to be discussed in this chapter are for 
the 407 type (figure 9-1 ) accounting machines. 
These operations can be grouped in four general 
categories as follows: 

1. DETAIL PRINTING. DetaU printing is the 
printing, or listing, of data from each card that 
passes through the machine. All or any part of 
the card can be printed in any sequence desired 
through proper control panel wiring. 

2. GROUP PRINTING. Group printing dif- 
fers from detail printing in that only the 
identifying data for a particular group of cards is 
printed. Vus information usually is taken from 
the first card of a control group, and all other 
cards in that group are tabulated without any 
data being printed from them. This type of 
printing is used primarily to identify totals that 
are being accumulated. 

3. ACCUMULATING. Totals punched in 
cards, or a count for each card, can be accumula- 
ted and stored in counters until such time as it is 
desired to have these totals printed. The 
machine can be directed through proper control 
panel wiring to add or subtract certain cards and 
disregard others. 



4. PROGRAMMING. This is the process by 
which the machine can tell the difference 
between cards in one control group and thbse in 
another. This is done by comparing a card at one 
reading station with a card at the following 
reading station, much the same as comparing is 
performed in a collator. Impulses resulting from 
an unequal reading normally are used to start an 
automatic program cycle so that accumulated 
totals can be printed. 

There are several types of accounting 
machines which may be used to perform the 
operations listed above. However, only the IBM 
type 407 is discussed in this chapter, since it is 
the accounting machine you will most likely be 
required to operate. You will notice that certain 
operations discussed will be familiar to you 
already because of a similar operation discussed 
in one of the preceding chapters. For example, 
you know that a machine differentiates between 
a control field in one card and a control field in 
another by comparing the two cards in a 
comparing unit. You know also how an impulse 
is allowed to travel through the normal and 
transferred sides of a selector, depending upon 
whether the selector is normal or transferred. 

This chapter presents the basic principles 
involved in wiring a control panel for performing 
some of the common accounting machine appli- 
cations. 

If you have a thorough understanding of these 
principles, you can develop a skill for wiring 
control panels to perform more complicated 
jobs, limited only by the capacity of the 
machine and your own ingenuity. Additional 
information concerning accounting machines 
can be obtained from the appropriate machine 
reference manual printed by the manufacturer. 
Consult your supervisor for assistance in ob- 
taining such manuals. 
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Figure 9-1 .-IBM Type 407 Accounting machine 
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MACHINE CONTROLS 

The keys for controlling machine operations 
and lights for indicating certain conditions are 
illustrated in figure 9-2. 

MAIN LINE SWITCH (not shown)-located 
on the upper left end of the machine, must be 
ON for all machine operations. 

START-The start key must be depressed to 
start cards feeding through the machine. 

STOP- When the stop key is depressed, card 
feeding stops before the next card is fed. 

FINAL TOTAL-The final total key provides 
for a manual control of total printing. Final 
totals can be printed when this key is depressed. 



provided the following conditions have been 
met: 

1. The final total toggle switch in ON. 

2. The last card has been run out of the 
machine. 

3. The machine is idling. 

AUTO STOP-When the automatic stop hub 
on the control panel is impulsed, this light goes 
on and card feeding stops. The light goes off and 
card feeding resumes when the start key is 
depressed. 

RESET CHECK-Tlie type 407 has a reset 
check circuit installed which is designed to 
determine whether counters in the machine are 
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reset correctly. This circuit is controlled by a 
reset check toggle switch located on the right 
end of the machine. The reset check circuit is 
made inactive when this switch is OFF and the 
reset check light flashes during machine oper- 
ation to call this to your attention. If the reset 
check switch if ON and a counter fails to reset 
correctly, card feeding stops and the reset check 
light comes on. On later model machines the 
counter which fails to reset correctly is iden- 
tified by a >' *ht under the cover near the feed 
hopper. Yoti'^ill find that a reset error usually is 
caused by improper counter wiring or broken 
wire on the control panel. 

FORM- An unlabeled light, which is the 
upper half of the form light, goes on when the 
main line switch is on and the machine is idling. 
The form light (lower halO goes on and the 
machine stops when the last fonn has passed the 
form stops, provided the form stop toggle switch 
is ON. This light can be turned off by inserting 
new forms and depressing the start key. 

CARD FEED STOP-This light comes on if a 
card fails to feed from the hopper or if a card 



jam occurs. Once the cause is conected the stop 
key extinguishes the light. 

FUSE -If a fuse burns out, the fuse light goes 
on. This light goes out when the bad fuse has 
been replaced. 

Functional Switches 

The functional control switches are located 
on the right end of the machine. Tiiese toggle 
switches can be seen in figure 9-3. 

ALTERATION 1, 2, 3, 4-When any of the 
four alteration switches are turned on, a corre- 
sponding alteration switch selector in the ma- 
chine transfers. These selectors can be wired on 
the control panel so that one panel may be used 
for more than one operation without changing 
the wiring. The switches function in both 
positions, transferred (T) or normal (N). 

INVERTED-The inverted form switch is 
turned on only when inverted forms are used. 
Inverted forms are those in which detail cards 
are printed before the heading cards. It is set to 
CONVENTIONAL for normal operations. 




R49.366X 

Figurs 9-3.-Functioiial switdm. 
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FINAL TOTAL This switch works in con- 
junction with the final total key, provided the 
control panel has been wired for final totals. 
With this switch off the final total remains in the 
machine indefinitely and may cause subsequent 
erroneous totals if the counter is not reset. 

FORM STOP- When a form is inserted in the 
carriage, it passes under a set of form stop levers. 
These levers drop into slots in the carriage when 
the bottom edge of the last form passes by them 
and cause card feeding to stop, provided the 
form stop switch is turn on. They will not stop 
card feeding if the form stop switch is turned 
off. 

RESET CHECK- The function of this switch 
is described under RESET CHECK LIGHT. 

OPERATING FEATURES 

The IBM type 407 accounting machine can 
perform all operations previously listed at the 
beginning of this chapter. Detail printing (list- 
ing) or group printing (tabulating) can be per- 
formed at the rate of 1 SO cards per minute. 

FEED UNIT 

Cards are placed in the feed hopper face 
down, with the 9-edge toward the throat. The 
capacity of the hopper is approximately 1,000 
cards. Card feeding normally stops when the last 
card feeds from the hopper, and the start key 
must be depressed U: run the cards remaining in 
the machine into the stacker. 

The stacker is located above and behind the 
hopper (figure 9-1). A stacker stop switch (not 
shown) causes card feeding to stop when the 
stacker becomes full. Cards can be added to the 
hopper or taken from the stacker without 
stopping the machine. 

Card Reading 

As cards feed through the accounting ma- 
chine, they pds» two reading stations. The first 
and second reading stations are illustrated in 
figure 9-4. Each card stops inomentarily at each 
reading station so that it may be ready by 960 
bnjsh(^<i corresponding to the 960 possible 
punching positions in a card. Any hole punched 
in the card allows a corresponding brush to 



make contact with a metal segment and causes 
an electrical impulse to be emitted. This impulse 
is transmitted from the commutator, which 
rotates clockwise to the brushes in that position, 
causing an impulse to become available from the 
corresponding reading hub on the control panel. 
There are 80 commutators at each reading 
station, one for each column of the card. 

Impulses from the first reading station usually 
are wired to selector pickups or other machine 
control hubs to control machine operation on 
the following cycle. Impulses from the second 
reading station normally are wired to print or to 
counter entries either directly or through selec- 
tors which are controlled from the first reading 
station. 

PRINT UNIT 

The function of the print unit is to record 
information on a report form or document. This 
information can be printed one line for each 
card (detail printing) or one line for a group of 
cards (group printing). 

The print unit consists of 1 20^rintwheels 
arranged in a solid bank that prints within a 
width of 12 inches, 10 characters to the inch. 
Each printwheel contains the 26 alphabetic 
characters, digits 0 through 9, and 11 special 
characters. 

The row of printwheels is located in front of 
the platen (roller). At printing time they are 
moved against the platen. (See figure 9-5.) 

A ribbon, similar to that used on typewriters, 
moves behind the printwheels from a spool on 
the right, through the ribbon guides, to a spool 
on the left. When the right spool is completely 
unwound, the action is automatically reversed. 

CARRIAGE FEATURES 

Several of the carriage operating features can 
be seen by reference to figure 9-5. 

When the PLATEN CLUTCH KNOB is 
pointed upward, the platen is engaged so that 
automatic line spacing and skipping can be 
accomplished. When the platen is enjj^ed, it can 
be rotated manually only by turning the VER- 
NIER KNOB. The primary purpose of the 
vernier knob is to provide a means of obtaining 
the coirect printing position between lines when 
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ruled formr are being used. The platen can be 
disengaged by turning the platen clutch knob to 
the right. The platen can then be turned 
manually by rotating the PLATEN KNOB in 
order to position the form at the desired 
printing line. 

The RESTORE KEY must be depressed 
before an operation is started in order to set the 
carriage ti'.^e for th j ilrst printing line (home 
position) on the fci. . The platen should be 
disengaged when the restore key is depressed if 
skipping from one form to another is not 
desired. 

When the STOP KEY is depressed, carnage 
operation stops immediately and card feeding 
stops at the end of the cycle. It should be used 
only to stop undesired carriage skipping or for 
setting up for an operation and should not be 
used to stop card feeding. 



The SPACE KEY can be depressed when the 
accounting machine fe stopped and the platen 
clutch is engaged, to advance a form one line for 
each key depression. 

The following features can be located in 
figure 9-6. 

Outfold Guide Bar 

The outfold guide bar fits across the front of 
the forms tractor. It is spring loaded for easy 
removal prior to inserting forms. When the 
forms are properly positioned the bar must be 
replaced to insure smooth form feeding. 

Form Thickness A4justment 

The distance between the printwheels and the 
platen can be increased or decreased, depending 
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.vjSS^ R49.117X 

Figura 9-5.-Carriage tape controls. 



upon the number of copies in the report being 
prepared. The form thickness adjustment dial, 
located at the left end of the carriage, contains 
leven positions numbered 0 through 6. It should 
be set at the position where be^it printing results 
are obtained. 

FrefMue Release Lever 

The pressure release lever is set in the forward 
position when a form feeding device is not used, 
so that pressure is applied to the paper by the 
form feed wheels to cause proper form feeding. 
When a form feeding device is used, this lever 



must be pushed back so that the feed rolls are 
released and the paper can be moved freely 
around the platen. 

End-of-Form Stop 

When a form is inserted in the carnage, it 
passes under a set of end-of-form stop levers. 
These levers drop into slots in the carriage when 
the bottom edge of the last form passes by them 
and cause card feeding to stop, provided the 
form-stop toggle switch is turned on. They will 
not stop card feeding if the form-stop toggle 
switch is turned off. 
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Platen Shift Wheel 

The platen shift wheel can be rotated to shift 
the platen, either right or left, a total of four 
inches. It is used primarily to align a form so 
tiiat printing will occur in the desired space 
across the form. This wheel can be turned while 
the machine is in operatioa 



TAPE CONTROLLED CARRIAGE 



CARRIAGE TAPE 

The installed carriage control tape is shown in 
figure 9-5. Figure 9-7 is a closeup showmg the 
tape characteristics. 

The round holes in the center of the tape are 
prepunched for the pin feed drive that advances 
the tape as the printed form moves through the 
caniage. The numbered horizontal lines corre- 
spond to tiie printing lines on a form when six 
lines to the inch are printed. There are 12 
punching positions, represented by numbered 
vertical lines, to control the skipping and over- 
flow of forms. These punching positions are 
called channels. 

The punches by themselves do not control the 
carriage but must be present to allow proper 
control panel wiring. 
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Figurt 9<7.-Control tiptu 



Tape Channels 

The channel punch uses are explahied as 
follows: 

CHANNEL 1-A punch is placed hi channel 1 
to indicate the starting position for the first 
printing line of each page. When overflow 



Automatic feeding and spacing of continuous 
forms used for preparing reports on the account- 
ing machine are made possible by the tape 
controlled carriage mounted atop the machine. 
A forms tractor is used for feeding marginally 
punched continuous forms. It has t;vo adjustable 
tractor-type pin feed units, one for each side of 
the form. The standard forms tractor provides 
spadng of either six or eight lines to the inch. 

This carriage is controlled by punches in a 
narrow paper tape which is inserted in the 
carriage. The tape corresponds to the exact 
length of one or more forms, and is punched 
with holes which are generally used to stop the 
form after it has skipped to a predetermined line 
on the form and to skip from one form to 
another. 
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(channel 12) is detected through control panel 
wiring, the carriage tape will advance the paper 
until diannel 1 is detected. 

For report setup the restore key is depressed 
to ensure the carriage tape is initially positioned 
at chaimel 1 . 

CHANNELS 2-10-These positions are used 
to indicate stopping positions for printing posi- 
tions other than the first line. They may be used 
to identify the fust body line when twoipart 
(heading and body) forms are used. Any class of 
total can be printed on a predetermined line by 
starting a skip when program start is initiated 
and stopping the Hdp by a punch in one of these 
channels. Sin^e sheet forms can be processed 
through the carriage and ejected automatically 
when printing is completed. These channels can 
be used for many other functions in which 
skipping between the first and last printing lines 
is desired. 

CHANNEL 11 -Channel 11 is normally used 
for selective spacing operations. 

CHANNEL 12-Skipping can be controlled so 
that when one form is completely filled, the 
next form advances to the first printing or body 
line. This overflow skipping is started by a 
punch in channel 1 2. Unlike punching hi other 
channels, which are used to stop skipping, tiie 
punch m channel 1 2 is used to start a skip. When 
the punch in channel 12 is sensed by a tape 
reading brush during normal spacing, card feed* 
ing stops and skipping starts, if the control panel 
is properly wired. 



PRINCIPLES OF CONTROL 
PANEL WIRING 

Automatic operation of the accounting ma- 
chine is made possible by the control panel 
illustrated by the diagram in figure 9-8. A 
universal control panel is used with the 407, 408 
and 409 machines. The hubs witii tiie heaviest 
outiines are used for the 408 and 409 only; the 
hubs outlined with cross-hatching are used for 
tiie 409 only. Shaded areas represent special 
devices or optional features. Operations de- 
scribed herein are limited to tiiose features 
standard for the type 407. 

There are many operations that can be per- 
formed on the type 407 accounting machine and 



several different ways to wire the control panel 
to obtain the desired results. The foUowhig 
paragraphs describe some typical applications 
with descriptive control panel wiring. 

DETAIL PRINTING 

Detail printhig is tiie operation of LISTING 
each and every card that is read. The groups of' 
hubs to be used for this operation are explained 
as follows: 

SECOND READIN(j-These hubs represent 
the 80 brushes that read the card at the second 
station. They appear at two tocations on the 
control panel for convenience in wiring. The 
upper set of hubs is normally wired to COM- . 
PARING ENTRY. The lower set of hubs is 
normally wired to COUNTER ENTRY, and 
NORMAL or TRANSFER PRINT ENTRY. 

NORMAL PRINT ENTRY-The 120 NOR- 
MAL PRINT ENTRY hubs are one of tiiree sets 
of entries to the print wheels. Normally they are 
whed from SECOND READING to print eitiier 
numerical or alphabetic information. 

0-FLOW-Detail to Detail Normal. These 
hubs emit an unpulse as the last body line of a 
form is printed. The last body line of a form is 
determined by a punch in channel 12 of the 
tape. If heading cards are used, these hubs 
normally are whred to the tint body line carriage 
skip hubs. Without headhig cards, these hubs are 
wired to skip to the first line of the next form. 

CARRIAGE SKIPS, X, D. and IMME- 
DIATE-These hubs correspond to channels 1 to 
10 on the tape. They recede impulses to initiate 
skips that are to be stopped by holes in the 
corresponding channels of the tape. The X hubs 
accept 1 1 , 1 2, or skip control impulses and the 
D hubs accept any impulse to cause skipping on 
tiie following cycle. The I hubs accept CYCLE 
or skip control (SiUP CTRL) impulses to cause 
skipping on the same cycle. 

When the X or D hubs are impulsed and a 
total intervenes, skipping takes place after tiie 
total prints. When the I hubs are impulsed and a 
total intervenes, skipping takes place before the 
total prints. When the X or D hubs are impulsed 
during pragram cycles, the skip will not become 
effective until after all program cycles lie 
completed. ^ 
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Channel 1 must be used to identify the first 
printing line, and channel 12, the overflow line. 

SPACE 1-2-SPACE 1 hubs are connected for 
single spacing, and SPACE 2 hubs, for double 
spacing. These hubs stop rather than cause 
spacing, for an automatic space is initiated 
Iwfore each line prints. These hubs may be 
selected so that single or double spacing may be 
placed under the control of a specific punch in 
the card. 

LIST-When the switch is off, the machine 
group prints. When the switch is not wired, the 
mach*ne detail prints. The lower hub may be 
impulsed by a cycle impulse wired through 
selectors to control detail and group printing. 

RO (Run Out)-When the run out switch is 
on, the last card in the machine runs out 
automatically into the stacker. When the switch 
is not wired, the last card must be run out into 
the stacker by pressing the start key. 

ZERO PRINT CONTROL-Each printwheel 
has a pair of ZERO PRINT CONTROL hubs. 
They are jackplugged to print zeros to the right 
of significant digits. The high-order position of a 
field is always left unplugged. To print zeros, 
zero impulses must be received by the print- 
wheel eUher from a card, from counter or from 
an emitter. A maximum of eight zeros may be 
controlled to print to the left or right (or four 
on each side) of a significant digit, or for zero 
balances. The ZERO PRINT CONTROL hubs 
also control the printing of commas, decimals, 
and dollar signs as they do zeros, when these 
symbols are wired to PRINT ENTRY from the 
COMMA, DECIMAL, and DOLLAR hubs loca- 
ted immediately above the column splits. 

The wiring diagram for detail printing (figure 
9-9) is for listing one alphabetic field (cc 1-10) 
and two numeric fields. 

1. Space 1 is wired to provide a single spaced 
listing. 

2. O FLOW is wired to detect a channel 12 
punch in the carriage tape. The impulse is 
delivered to the carriage skip control hub Dl, 
which will stop skipping when channel 1 is 
detected. 

3. The numeric field of columns 15 through 
21 is wired to normal print. The field is 
controlled to print all zeros appearing after the 
first significant digit. 



4. The numeric field of columns 27 through 
34 is wired to normal print. This field is zero 
print controlled to force zero printing to the left 
of a significant digit. 

5. The runout feature is wired ON to provide 
automatic last card runout. This should not be 
wired if any arithmetic or program control 
operations are to be performed. As the machine 
could be left unattended, a runout before the 
file is finished could result in the whole job 
being rerun. 

6. The list switch is left unwired to allow 
printing for each card. 

SELECTIVE PRINTING 

Selective printing is the detail printing of two 
or more different card formats in one file. This 
involves "X" punched cards for control of print 
entries and/or selectors. Review of pilot selec- 
tors and digit selectors in chapter 5 is recom- 
mended. 

The hubs to be used in addition to those of 
the preceding operation are explained as 
follows: 

FIRST READING-These hubs represent the 
80 brushes that read the card at the first station. 
They are wired principally to COMPARING 
ENTRY, digit selectors, pilot and co-selector 
pickup and X or D carriage skips. 

DIGIT selectors-Two digit selec- 
tors, A and B, are standard. These selectors 
are used to select specific digits from a card 
column or to emit digits on every machine cycle. 
The C hub is impulsed from a reading station if a 
specific digit is to be selected or from DIGIT 
IMPULSE if the selector is to be used as an 
emitter. 

PILOT SELECTORS-Fifteen pUol selectors 
are standard. Each selector has two positions 
arranged vertically and an X, D and IMME- 
DIATE pickup. When the X or D hubs are 
impulsed, the selector transfers on the following 
card or program cycle. 

When X or D hubs are impulsed during a 
program cycle, the selector transfers on the 
following cycle and remains transferred for all 
remaining program cycles through the first card 
of the following group. 
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When the I hubs are impulsed, the selector 
transfers immediately. When I is impulsed during 
a program cycle, the selector transfers imme- 
diately and remains transferred for all program 
cydes and through the first card of the follow- 
ing group; When the I hub is impulsed on a card 
cycle it transfers immediately for the duration 
of that card cycle only. 

Each selector also has a COUPLING EXIT 
which emits an impulse when the selector 
transfers and continues to emit as long as the 
selector remains transferred. It is normally wired 
to a CO-SELECTOR PICKUP. 

CO-SELECTOR PICKUP-These are the pick- 
up hubs for the co-selectors. When impulsed; 
they cause the co-selector to transfer imme- 
diately. They are normally wired from PILOT 
SELECTOR COUPLING EXIT or from program 
steps. 

CARD CYCLES-Thesc 20 hubs emit a cycle 
control impulse on card feed cycles for con- 
trolling entry into and printing from counters. 
This impulse starts before the 9 position in the 
card is read, and it continues until all adding 
into counters has been completed. . hese hubs 
arc not active for program cycles. 

There are four more hubs located at Q37-40 
and two CO-CC (079-80) which are short im- 
pulses used to pickup co-selectors. 

CHARACTER EMITTER-All letters, digits 
and special characters are emitted from the 
character EMITTER on each machine cycle. 
Usually they are wired through selectors to 
NORMAL or TRANSFER PRINT ENTRY or to 
COUNTER ENTRY (numbers only). 

TRANSFER PRINT ENTRY-The 120 
TRANSFER PRINT ENTRY hubs are one of 
three sets of entries to the printwheels. Like the 
transferred hubs of a selector, these hubs accept 
impulses only when they are made active by a 
cycle control impulse reaching TR PR. 

TR PR (Transfer Print)-These common hubs 
represent the pickup for the 120-position 
TRANSFER PRINT ENTRY unit. These hubs 
ar^ normally wired from cycles impulses. The 
transfer print unit remains transferred only for 
the duration of the impulse wired to TR PR. 

The wiring diagram for selective printing 
(figure 9-10) is for selecting one of three card 
formats for detail printing. The card types are 
X/80, X/7S and NX. The X/75 cards differ from 



the NX cards only in the location of the first 
field. This job also depicts emitting of a date (20 
NOV 1972) by combining two different 
methods of emitting. 

1. The X/80 card format is wired to transfer 
print. 

2. The X/80 cards are detected from first 
reading, and the impulse is delivered to the X 
pickup of a pilot selector. 

3. One card cycle after being impulsed, the 
pUot selector will transfer and allow a card cycle 
impulse to activate the transfer print. This 
provides the transfer print as the active print 
entry when the X/80 card is at second reading. 

4. The one field that differs between the 
X/75 and NX cards is field selected through 
co-selector 15 and 16. The other fields are 
strai^t wired to normal print which is active 
when transfer print is not. 

5. Co-selectors 15 and 16 are controlled by 
detection of an X or NX in column 75 from first 
reading. When the pilot selector transfers, the 
coupling exit causes transfer of the co-selectors. 

6. This wiring would allow the same control 
as the coupling exit. 

7. The emitter hubs are utilized to cause 
printing of part of the date (20 NOV). 

8. A digit impulse is wired into the common 
hub of digit selector A, allowing it to be used as 
an emitter for the last part of the date (1972). 
(All of the emitting could have been accom- 
plished by either method 7 or 8.) 

PROGRAM CONTROL 

Before we go any farther, let's see what is 
meant by programming on accounting machines. 
Programming in a machine is a sequence of 
activities, or, to use machine terms, operations. 
The operations to be performed, and their 
sequence, are determined by control-panel 
wiring. Actually, a series of machine cycles is set 
aside for this purpose. These machine cycles are 
generally caUed PROGRAM CYCLES, PRO- 
GRAM STEPS, or TOTAL CYCLES. 

Program control is the process by which the 
407 distinguishes cards of one classification 
from those of another. The cards in a single 
classification are considered a program group. 
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The machine can compare, by means of the 
first and second reading stations, the holes 
punched in two successive cards. Therefore, each 
card is compared twice as it passes through the 
machine, once with the card ahead of it and 
once with the card following it. When the 
punching in one card does not compare with the 
punching in the card ahead of it, the machine 
automatically starts a program cycle if the 
control panel is wired properly. 

Three types of automatic totals can be ob- 
tained on the 407 and are classified as follows: 

1. Minor-Program level 1 

2. Intermediate-Program level 2 

3. Major-Program level 3 

A minor program is used for the classification 
of the smallest group, intermediate program for 
the next group and major program for the 
largest group. 

Comparison is accomplished by wiring the 
control field from first reading to one set of 
comparing entry hubs and from second reading 
to the corresponding positions in the other set. 
The hubs used for wiring comparing can be 
located by reference to figure 9-11 A. An im- 
pulse is emitted from the comparing exit hub of 
each comparing position that recognizes a dif- 
ference in card comparing. 

When a control field consisting of more than 
one colurun is wired for comparing, the com- 
paring exit hubs of all comparing positions are 
jackplugged so that an unequal condition recog- 
nized in any column can travel through the 
jackplugs and be available from one source. 

A comparing magnet can be impulsed once 
while the 9-1 punching positons are being read 
and again for the 11-12 zone positions, making 
it possible to compare alphabetic as well as 
numerical data. Zero punches are treated as 
blank since comparing is not effective for zeros. 

Comparing exits are usually wired to one of 
.the program start hubs to cause a program cycle 
to be started in order to print automatic totals 
for that particular program. Comparing exits can 
be used also for other functions such as skipping 
to a new page when a change in control group is 
recognized. . 

A program cycle for each type of total is 
started by wiring a comparing exit from a 
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Figure 9*11. -Program control hubs. 



control field wired for comparing to the appro- 
priate PROGRAM START hub (fig. 9-1 IB). 

Each program step has 14 PROGRAM EXIT 
hubs shown in figure 9-1 IC that emit an all 
cycles impulse whenever the corresponding 
PROGRAM START is impulsed. Counters nor- 
mally read out and reset under the control of 
the PROGRAM EXITS. 

If program start major is impulsed but minor 
and intermediate are not, minor and inter- 
mediate program cycles are forced before the 
major. If program start intermediate is impulsed 
but minor is not, a minor program is forced 
before the intermediate. 

Card feeding stops when a program start is 
initiated and resumes automatically upon com- 
pletion of the required number of total cycles. 
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By reference to figure 9-1 ID you will notice a 
group of FIRST CARD hubs. The common hubs 
on the left, labeled MINOR, INTERMEDIATE, 
and MAJOR, emit an impulse for the first print 
cycle of the first card of their respective group, 
regardless of whether that card is a heading or 
detail card. FIRST CARD hubs are normaUy 
wtfed to cause a counter to add or subtract the 
first card of a group, to control transfer print 
entry or to control a collector. 

Each first card hub has a first card selector 
which transfers automatically when the corre- 
sponding first card hub is active and remains 
normal at all other times. These selectors can be 
used to select card cycle impulses, cycle count 
impulses or single card columns to be group 
indicated. 

Figure 9>1 2 is diagrammed for printing master 
and detail cards that have no distinguishing 
control punch. Department code number is 
punched in columns 1-S of the cards with 
column S havmg a different code for each 
division within a department. 

10000 Department Code 

10001 Division code 

10002 Division code-change 
10002 

10010 Department code-change 

1. Columns 1-4 are wired for comparing of 
department code from first and second reading. 

2. Column 5 is wired for comparing the 
division code from first and second reading. 

3. If a comparing difference is detected in 
department code, program cycles of minor and 
intermediate will be started (card feeding and 
reading do not occur during program cycles). 

4. If a comparing difference in division code 
is detecteu, a minor program cycle will be 
started. 

5. After the two program cycles have oc- 
curred, the card causing the comparing differ- 
ence moves from first to second reading. At this 
time the selector for INT FIRST CARD is 
transferred and allows the card cycles impulse to 
reach the transfer print pickup hub. 

6. The columns desired to print for a depart* 
ment (master card) are wired to transfer print 
which is active for the first card of an inter^ 
mediate group. 



7. The MI FIRST CARD is wired to co- 
selector pickup IS. Columns 1-5 are wired 
directly to transfer print to print the department 
code for each master card. Columns 1-S are also 
to print for the detail cards BUT ONLY the first 
one for each division group. 

The MI FIRST CARD impulse provides trans- 
fer of the selector and normal printing for only 
the first card of each minor change. When 
repetitive data is printed only once for a group 
of cards, it is caUed GROUP INDICATION. 

NOTE: First card minor indication occurs 
following a minor, intermediate and m^or 
change. Intermediate first card is active follow- 
ing an intermediate or m^'or change. They all 
occur at once, however, and not in series (as do 
program cycles); therefore, even though columns 
1-5 are allowed to reach normal print, normal 
print is not active because transfer print is 
impulsed from INT FIRST CARD and is the 
active print entry. 

8. Normal print is wired for the detail card 
fields to be printed from second reading. 

9. The INT FIRST CARD impulse is wired to 
the I pickup of a pilot selector. This causes space 
control to allow double spacing after the print- 
ing of a master card and single spacing for 
details. This wiring allows the master card 
printing to be spaced apart from the preceding 
and forthcoming detail printing. 

NOTE: Automatic single spacing is provided 
for each program cycle taken. Therefore, the last 
minor card will be printed, then two spaces 
taken (MI and INT) before printing a master 
card. 

Figure 9-13 is an example of the listing that 
the preceding wiring would provide. 

ARrrHMETIC OPERATIONS 

The 407 is capable of performing two arith- 
metic functions, addition and subtraction. The 
units provided to accomplish these functions are 
called COUNTERS. There may be from 20 to 28 
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GROUP 
•INDICATION 



10000 SUPPLT DEPART 

looca 

10002 

10010 ENC DEPART 
lOOU 



AFS4 



A950 10766 



15000 
672 



AF34 




38564 
6200 

2355 



2279 
849 
U500 



*THE 407 PRINTS AND THEN SPACES ACCORDING TO SPACE CONTROL 



TWO SPACES PROVIDED BY WIRING (f) 

NORMAL SPACE FOR NEXT PRINT 
AUTO SPACE BY MI PROG CYCLE 
NORMAL SPACE 

NORMAL SPACE FOR NEXT PRINT 
AUTO SPACES BY MI AND INT PROG 
CYaES 



Figure 9*1 3.— Program control listing. 
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various capacity counter units, depending on the 
machine model and/or options. The counter 
units vary in position size. There are 3, 4, 6 and 
8 position counters provided. Each of these 
positions has a separate entry within each 
counter unit. Each position of a counter also has 
an exit. Each counter has one set of controls to 
direct the function of addition or subtraction 
and control the mechanics of operation. 

The hubs used in connection with entry, exit 
and control of counters are explained as follows: 

COUNTER ENTRY-These counter positions 
are arranged in convenient groups of 4, 6, 3 and 
8 positions. COUNTER ENTRIES are normally 
wired from SECOND READING for the purpose 
of adding, subtracting or group-indicating infor- 
mation read from the card. The entry of every 
counter group is internally connected to the 
corresponding COUNTER EXIT positions unless 
DIRECT ENTRY for that counter group is 
wired. These hubs are receptive on the first half 
of the cycle only. 

COUNTER EXITS-Counter exits emit im- 
pulses for information that is detail or total- 
printed from the counter. To detail-print the 
counter must be impulsed to add or subtract, at 
which time COUNTER ENTRIES are internally 
connected to COUNTER EXITS. To total-print 
the counter must be read out and reset, and the 



exits must be wired to COUNTER- 
CONTROLLED PRINT. COUNTER EXITS do 
not emit impulses when the counter is impulsed 
to DIRECT ENTRY at which time they are 
internally disconnected from COUNTER 
ENTRY. Also, COUNTER EXITS do not emit 
impulses when DIRECT RESET is wired. 

COUNTER-CONTROLLED PRINT-These 
hubs are one of three sets of entries to the 
printwheels, the other two being NORMAL and 
TRANSFER PRINT ENTRY. Normally they arc 
wired from COUNTER EXITS, receiving the 
information from the counter during the first 
half of the cycle and returning it to the counter 
during the second half of the cycle. The print- 
wheels are set up for printing during the first 
half of the cycle. If the counter is wired to reset, 
the returned information during the second half 
of the cycle either adds or subtracts in the 
counter to reach a zero balance, thus affording a 
check between the amounts printed on a report 
and the amount accumulated in the counter. 

These hubs provide the only means by which 
a counter may be reset as the total is printed 
because counter clearing is done in the second 
half of the cycle. Counter exit positions contain- 
ing significant digits must be wired to 
COUNTER<:ONTROLLED PRINT in order to 
reset. 

Alphabetic or special character information 
cannot be wired to COUNTER-CONTROLLED 
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PRINT because these hubs do not accept zone 
impulses. 

COUNTER CONTROL PLUS-A CARD 
CYCLE, ALL CYCLE, PROGRAM or FIRST 
CA RD impulse introdoccr^ into these hubs will 
ciuse the correspo.iJing counter to add. 
TRANSFER EXIT is also wired to 

COUNTER CONTROL PLUS when positive 
information is being tmasferred from another 
counter. 

COUNTER CON-^ROL MINUS-A CARD 
CYCLE, ALL C\CLES, PROGRAM or FIRST 
CARD impulse hitroduced into these hubs wiU 
cause the corresponding counter to subtract. 
TRANSFER EXIT MINUS is also wired to 
COU^iTER CONTROL MINUS when minus 
uiformation is being transferred from another 
counter. When the minus hubs are unpulsed, 
both tlie C and R or -hubs for the corres- 
ponding counter are active. 

DIRECT ENTRY OR DIRECT RESET- 
These are DIRECT ENTRY hvbs when the same 
impulse is wired to them that is also wired to the 
corresponding P» US or MINUS hubs. An im- 
pulse to DIRECT ENTRY separates the 
COUNTER ENTRY from the COUNTER EXIT. 
The information wired to the COUNTER EN- 
TRY hubs will enter the counter directly from 
the card rather than from the COUNTER- 
CONTROLLED PRINT hubs. When DIRECT 
ENTRY is wired, no printing occurs. It is 
normally used during group printing operations 
to prever.t overprinting and when transferring 
from another counter information that is not to 
be printed. 

These are DIRECT RESET hubs when the 
same impulse is wired to them that is aL'o wired 
to the corresponding READ-OUT and RESET 
huts. An impulse to DIRECT RESET causes the 
total to clear out of the counter without reading 
out of the COUNTER EXIT hubs. A counter is 
normally wired for DIRECT RESET whenever 
the counter is to be cleared without printing the 
total. Totals cannot be transferred from one 
counter to another when DIRECT RESET is 
wired. 

TRANSFER PLUS-MINUS EXIT-The 
TRANSFER PLUS EXIT hubs emit an impulse 
when the correspc isdnng counter READ-OUT 
and RESET hubs arc impulsed and the counter 



is plus. They are wired to the PLUS ENTRY of 
wother (receiving) counter. 

The TRANSFER MINUS EXIT hubs emit an 
impulse when the corresponding counter 
READOUT and RESET hubs are impulsed and 
the counter is minus or zero. They are wired to 
the MINUS ENTRY of another (receiving) 
counter. 

COUPLE CONTROL- Whenever counters arc 
coupled, the COUPLE CONTROL hubs of all 
but the high-order counter must be connecttul. 
This wiring ensures that a zero test will be made 
m every coupled counter when NEGATIVE 
BALANCE is wired off and prevents the punch- 
ing of credft X*s from any but the high-order 
counter during summary-punch operations. 

NEGATIVE BALANCE ON-These hubs emit 
an imr* !se at the end of the cycle during which 
the con jsponding counter turns negative and for 
eveiy cj'cle thereafter as long as the counter 
remains negative. Normally they aie wired to 
NEGATIVE BALANCE CONTROL to convert 
complement figures or to the pickup of a 
selector to control other functions of the 
machine. 

NEGATIVE BALANCE CONTROL-Thcse 
are entry hubs wired either from NEGATIVE 
BALANCE ON to convert complementary 
results or from NEGATIVE BALANCE OFF to 
convert zero balance 9's to zeros. 

NEGATIVE BALANCE OFF-These hubs 
emit an impulse at the end of the cycle during 
which the corresponding counter zero balances. 

They are wired to NEGATIVE BALANCE CON- 
TROL to convert zero balance 9*s to zeros or to 
selector pickup hubs to control other functions 
of the machine. 

SYMBOL EXIT-These hubs emit the equiva- 
lent of an 8-4-1 1 impulse whenever the corre- 
sponding counter is impulsed to READ OUT or 
READ OUT and RESET. They are wired to 
NORMAL or TRANSFER PRINT ENTRY for 
the printing of asterisk symbols for totals. They 
cannot be wired to COUNTER-CONTROLLED 
PRINT because these hubs do not accept zone 
impulses. 

C SYMBOL EXIT-These hubs emit a C 
(12-3) impulse whenever the corresponding 
counter is impulsed to subtract. They also emit a 
C impulse whenever the corresponding counter 
is negative and is impulsed to READ OUT or 
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READ OUT and RESET. They are wired to 
NORMAL or TRANSFER PRINT ENTRY in 
conjunction with the R hub to identify a credit 
item or a credit total. They cannot be wired to 
COUNTER-CONTROLLED PRINT. 

R or - SYMBOL EXIT-If the R or - switch 
is wired for R, these hubs emit an R (11-9) 
impulse whenever the corresponding counter is 
impulsed to subtract or whenever that counter is 
impulsed to READ OUT or READ OUT and 
RE;»ET a converted negative total. If the R 
switch is not wired or is wired for minus, these 
hubs emit a minus (1 1) impulse under the same 
condition as the R hubs. The R or - hubs are 
wired to NORMAL or TRANSFER PRINT 
ENTRY to identify credit items or credit totals. 
They cannot be wired to COUNTER- 
CONTROLLED PRINT. 

CARRY EXIT<:ARRY ENTRY-The CI and 
C hubs must always be connected whenever a 
counter is in use. This is necessary because all 
counters reset to 9's. When counters are coupled, 
the CI of the high-order counter is wired to the 
C of the low order counter and the remaining CI 
and C hubs of the group are connected from 
right to left. 

READ OUT-These hubs accept cycle im- 
pulses to cause a counter to read out without 
resetting. They are normally used for progressive 
totalling. 

READ OUT AND RESET-These hubs accept 
cycle impulses to cause a counter to read out 
and reset. 

ALL CYCLES-These common hubs emit all 
cycles impulses on every machine cycle except 
summary-punch cycles or long carriage skips. 
They are normally used as a substitute for other 
cycle impulses when property controlled. 

CC (CYCLE COUNT)-The CC hub emits a 1 
impulse during the first and second half of every 
machine cycle. Normally it is wired to 
COUNTER ENTRY to count cards or groups or 
cards or to PROGRAM START to cause one or 
more programs to be initiated for every card. 

Figure 9-14 depicts a wiring diagram to 
accomplish accumulation of three totals. The 
first total is arrived at by the addition of the 
data in card columns 3-5. The second total 
results from adding or subtracting the data from 
card columns 10-14. The third total is a card 
count. 



1. Counter 4A is impulsed to add for eveiy 
card cycle. Only addition is to be accomplished; 
therefore, NEGATIVE BALANCE OFF is wired 
to NEGATIVE BALANCE CONTROL. As the 
counters originally are set at all 9's instead of 
zero, the CI hub must always be wired to the C 
hub. If CI is not wired to C, the total will be one 
less than the true total. 

2. Counter 6C is controlled to add or sub- 
tract by selecting the card cycles impulse by an 
X or NX/80 indication. As there is a chance that 
the counter will hold a negative amount, the 
NEGATIVE BALANCE ON is wired to NEGA- 
TIVE BALANCE CONTROL to ensure that the 
printout is a true figure. (Counters work with 
what is referred to as 9's complement. It is not 
necessary that you understand this process to 
accomplish proper board wiring.) The CI is 
wired to C for the same reason as counter 4A. 

3. Counter 4D is controlled to add for every 
card cycle. The machine emitted 1 impulse (CO 
is wired to the counter entry of 4D. 

4. The DIRECT ENTRY HUB of counter 4D 
is also impulsed by every card cycle. This wiring 
suppresses the print of the 1 for each line of 
print. An internal connection normally exists 
between counter entries and exits which allows 
the read impulses to travel to COUNTER CON- 
TROL PRINT. The impulsing of a direct entry 
hub eliminates the connection and thus dis- 
allows the normal printing for data wired to that 
counter. The data will still be added. 

5. STEP 4 of the program cycle hubs (FI- 
NAL) is wired to cause the counter to READ 
OUT (print the accumulated total) and RESET 
(cleared of the total and set to 9's). 

6. The impulse from the FINAL cycle hub 
will be generated only if the LCT (Last Card 
Total) switch is wJned, the FINAL TOTAL 
toggle switch (figure 9-3) is ON and the operator 
does the following: 

When the last card has been read, the machine 
will stop. The operator then depresses the 
START key to run the cards out of the machine. 
Once the machine is clear of cards the wiring 
will force a final total. 

If the RO switch had been wired no operator 
action would be required. 

NOTE: All exit hubs of used counters MUST 
be wired for all arithmetic functions. 
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Counter Coupling 

There may be times when a job will require 
more than an eight position counter for accumu- 
lation. In a case such as this two or more 
counters may be coupled together to function as 
one unit. 

Figure 9-15 is an example of counter 
coupling. 

1. The counters to be used as one unit are 
impulsed to add at the same time. 

2. The units position counter has the COU- 
PLE CONTROL hubs wired. If more than two 
counters are coupled, all counters except the 
high order counter must have couple control 
wired. 

3. The two counters are to perform addition 
only; therefore, the NEGATIVE BALANCE 
OFF is wired to NEGATIVE BALANCE 
CONTROL. The units position counter must be 
the one that is wired. This wiring works in 
conjunction with the COUPLE CONTROL to 
ensure that all coupled counters are checked for 
zero balance (all 9's). The remaining coupled 
counters have only the negative balance control 
hubs connected. 

4. The CI hub of the units counter is wired to 
the C hub of the high order counter. This wiring 
allows for carry action from the high order 
position of the units counter to the low onler 
position of the next higher order counter. 

The CI hub of the high order counter is wired 
to the C hub of the units counter. This wiring 
ensures a true figure is provided when the first 
amount is added to the initial setting of all 9*s. 

5. The coupled counters are wired to readout 
and reset simultaneously. 

6. The coupled counters are impulsed to add 
or subtract together. 

7. The units position counter is wired for 
couple control. 

8. Determining that a counter contains a 
negative amount is accomplished by testing the 
high order position. When counters are coupled, 
the high order counter contains the high order 
position. It is, therefore, required that the high 
order counter be wired from NEGATIVE BAL- 
ANCE ON to NEGATIVE BALANCE CON- 
TROL. The remaining lower order counters are 



connected by the negative balance control hubs 
only. 

9. The C and R SYMBOL EXITS are wired to 
normal print. This wiring will allow a CR to 
print each time the counter is instructed to 
subtract and when a negative total is present 
when readout is impulsed. 
9A. The SYMBOL R hubs are connected to 
provide the printing of an R rather than a minus 
sign(-). 

10. The CI and C hubs are connected for 
proper carry control. 

1 1 . The coupled counters are controlled to 
readout and reset at the same time. 

NOTE: The high order COUNTER ENTRY 
hub of a counter or coupled counters must never 
be wired. 

GROUP PRINTING 

Group printing is an operation that produces 
only one line of printing for each program 
group. Figure 9-1 6A is a listing provided by 
previously described wiring principles. Figure 
9-1 6B would be the result of the same wiring as 
required for printout 9-1 6A with only two 
control differences. The LIST OFF hub would 
be wired and the counters utiUzed would have to 
be wired for direct entry. 

OPERATING SUGGESTIONS 

When a report leaves the accounting machine, 
it has passed the final phase of machine proc- 
essing required for its preparation. The following 
operating suggestions are listed to help you, the 
operator, make sure that the report has been 
prepared in accordance with instructions given 
you and that the format and contents are 
correct to the best of your knowledge. 

CARRL4GE TAPE PUNCHING 

To prepare a tape for the routine operation of 
page overflow follow this procedure: 

1. Place a blank tape on top of a sheet of the 
continuous form paper you are going to use so 
that the dark horizontal line, just under the 
GLUE portion of the tape, is even with the top 
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B. GROUP PRINTED REPORT 



Figurt 9-16.-407 printouti. 
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edge of the form. Now place a mark in channel 1 
on the line corresponding to the first line on the 
form where you wish printing to start, which is 
usually one mch from the top of the form. Next, 
place a mark in channel 1 2 corresponding to the 
last line on the form to be printed, which is 
usually one inch from the bottom edge of the 
form. Finally, place a mark on the line corre* 
sponding to the bottom edge of the form. This is 
your end-of-tape mark. 

2. The tape markings for one form should be 
repeated as many times as the usable length of 
the tape allows. In this way the tape can be used 
to control several forms in one revolution 
through the sensing mechanism, thus increasing 
the life of the tape. 

3. After the tape has been marked with 
channel punching positions and the end-of-tape 
mark, insert the tape in a tape punch similar to 
the one shown in figure 9-17 and punch the 
channels that you have marked. If your installa- 
tion has an accounting machine with a tape 
controlled carriage, you will be furnished with a 
tape punch and plenty of blank tapes. 

4. After all channel markings have been 
punched, cut the tape along the line corre- 
sponding to your end-of-tape mark. Roughen 
the GLUE end of the tape to remove the glaze. 
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Figurt 9-17.-T«pt punch. 



Chapter 9-ACCbUNTING MACHINES 



Now loop the tape into a belt, and glue the ends 
so that the bottom end-of-tape line is lined up 
exactly with the dark line just under the GLUE 
portion. The center feed holes must be aligned 
to present the appearance of a continuous tape. 
The tape is now ready to be inserted in the 
carriage. 

OPERATING THE CARRIAGE 

You can save yourself considerable time and 
effort at the beginning of an operation on the 
accounting machine by first making sure that 
the carriage is properly set for operation. The 
following paragraphs should assist you in seeing 
that this is done. 

Inserting the Tape 

Before attempting to insert the tape, first 
make sure the platen clutch is disengaged and 
the brush holder is raised. The brush holder, 
which contains the brushes that read the 
punches in the tape channels, can be raised by 
pushing the latch to the left. The numbered edge 
of the tape must be placed in the outward 
position, toward you. The center feed holes are 
placed over the pinfeed drive wheel and the tape 
is then placed around the tape guides. Either 
guide may be used, depending upon the length 
of the tape. The lever just above the tape guides 
can be raised so that the guides can be moved to 
the desired position. Always leave a Uttle slack 
in the tape after it has been inserted to prevent 
the tape from tearing under undue strain. Lower 
the brush holder and push it down until it 
latches. Depress the carriage restore key in order 
to place channel 1 at the home position. The 
platen clutch must be engaged before printing is 
started. 

Insjerting the Forms 

The form thickness adjustment should be set 
at the position where the best printing for the 
particular forms used is obtained. If a form 
feeding device is used, make sure the pressure 
release lever is pushed back so that the forms 
will feed property. Be sure the forms are fed 
under the form stops and not over them. 
Position the paper so that the first pnnting hne 



is in position to be printed, and align the paper 
so that printing wiU occur in the desired 
locations across the form. 

Operating the Carriage Controls 

Do not use the carriage stop key to stop card 
feeding in the accounting machine. Although 
this key will stop card feeding when depressed, 
it is not intended to be used in place of the 
regular stop key on the accounting machine. Use 
it only to stop a carriage operation. Make sure 
the carriage has been restored and the platen 
clutch is engaged before beginning an operation. 
Failure to restore the carriage causes improper 
spacing of forms, and failure to engage the 
platen causes overprinting. 



OPERATING THE MACHINE 

Preparation of an accurate report hinges 
primarily upon a correctly wired control panel 
and a properly functioning accountmg machine. 
Therefore, each operation should be tested for 
proper control panel wiring and machine oper- 
ation prior to starting the actual job. Some 
reports which take hours to prepare are later 
found to be worthless because the operator 
failed to test the operation before he began 
turning out the report. 

In addition to testing the operation, the 
following points should be kept in mind when 
operating an accounting machine. 

Starting the Operation 

Always depress the fmal total key before 
starting any ope. tion, and before placing cards 
in the feed hopper, in order to clear any 
counters which may have totals in them from a 
preceding operation. 

Joggle cards into perfect alignment before 
placing them in the feed hopper in order to 
ensure proper feeding. 

During the Operation 

Check the report from time to time as it is 
being prepared to make sure it is being prepared 
correctly. If totals are supposed to balance to 
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predetermined totals, be sure to check these off 
as they print. 

In the event that card feeding stops and the 
reset check light comes on, raise the cover 
around the feed hopper and check the indicator 
lights. Figure 9-18 shows the location of the 
RESET CHECK INDICATOR. Each light is 
numbered so that the counter in question may 
be located on the control panel. 

Once the counter in question is located, check 
for the following common causes: 

1. Coupled counters are wired to add only, 
and CI is not wired to C. 

This is because the normal path for the test 
impulse is through the CI to C wiring. If the 
proper connections are not made, the test 
impulse is not allowed to pass from the high- 
order counter to the low-order counter. 

2. COUNTER EXIT positions are errone- 
ously wired to NORMAL or TRANSFER 
PRINT ENTRY instead of to COUNTER- 
CONTROLLED PRINT. 

When COUNTER EXITS arc wired to NOR- 
MAL or TRANSFER PRINT ENTRY, the only 
way that the counter can clear is by direct reset. 
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figun 9*18.-StaGkar raind. 



3. Emitted impulses such as dollar, decimal, 
comma, and special characters overlap positions 
wired from COUNTER EXIT to COUNTER- 
CONTROLLED PRINT. 

For example, a decimal is wired to NORMAL 
or TRANSFER PRINT ENTRY 60, and a 
COUNTER EXIT POSITION is wired to 
counter-controlled print 60. In such cases the 
symbol impulse back-circuits to the counter exit 
position in the second half of the reset cycle and 
prevents the counter from resetting to 9*s. 



4. The total in a counter exceeds the number 
of positions wired from COUNTER EXIT to 
COUNTER-CONTROLLED PRINT. 

This condition can be described as total 
overflow and is more apt to occur during the 
preparation of a report than during the initial 
testing of the control panel. 

If all counter wiring is correct and the reset 
check light turns ON, the machine is malfunc- 
tioning. 

In case of a card feed failure remove all cards 
from the hopper, correct the card that failed to 
feed and replace cards in the hopper. Depress 
the stop key to turn out the card feed stop light; 
then depress the start key. Card feeding will be 
resumed without having disturbed normal con- 
trols or spacing operations. 

Unless it is absolutely necessary for you to be 
somewhere else, stay with the machine while it 
is in operation so that you can make sure cards 
and paper are feeding property, and that the 
printed forms are stacked correctly. 

Stopping the Operation 

Always use the stop key to stop card feeding. 
Never turn off the main line switch v^hen the 
machine is in operation. 

Depress the start key at the end of an 
operation in order to run the cards remaining in 
the machine into the stacker. 

In case of a card jam stop the machine 
immediately and call your supervisor if you do 
not kno w what to do. He will demonstrate the 
correct procedure for removing a card jam. 



264 



o 

ERIC 



CHAPTER 10 

ELECTRONIC DATA PROCESSING 



INTRODUCTION 

Before you proceed in this chapter, it may be 
beneficial for you to review that portion of 
chapter 2 dealing with electronic data proc- 
essing. 

Up until now we have been discussing data 
processing as it is done with electric accounting 
machines. With EAM the cards have to be 
physically moved from one machine to another 
to accomplish a specific function. If the cards 
were to be put in sequence, they would have to 
be run through the sorter. The next step might 
be to gangpunch information which would 
require the cards to be transported to the 
reproducer, etc. Each step of the job to be run 
usually calls for a different machine, which 
requires human intervention (physically han- 
dling the cards). 

Electronic data processing has practically 
eUminated human intervention from beginning 
to end of a job process. Once the data is mitially 
provided to the computer, it can sort, calculate, 
ce^rt, calculate some more and repeat any of 
these or more without the operator having to 
physically move files. 

In order to understand how a computer can 
do all these things it is first necessary that you 
understand the relationship of the components 
or units that comprise a system. The best 
illustration is a functional diagram (figure 10-1). 
The definition of a functional diagram is: a 
diagram that represents the functional relation- 
ships among the parts of a system. The functions 
depicted in a functional diagram illustrate the 
communications of a system for input, control, 
storage (retrieval and sending) and output. 
To help you in completely understanding the 
. functional diagram a review and refinement of 
the three basic elements of data processing 
follows: 



INPUT.-Pertaining to a device, process, or 
channel involved in the insertion of data. The 
term input may. therefore, be used when refe^ 
ring to data or a device. The device may be a 
card reader, tape drive, paper tape reader, disk 
or any other piece of hardware capable of 
inputting data. 

PROCESSING.-This term is reaUy misused 
by Data Processing Technicians. By itself it is 
not meaningful, but has picked up its own 
general definition in the computer worid. It is 
used as a general term for whatever type ot 
PROCESS to which we refer (i.e., data proc- 
essing, batch processing, information processmg, 
etc ) Where it appears in this manual, processing 
refers to data processing. Data processing is the 
execution of a systematic sequence of oper- 
ations performed upon data. 

Data processing is performed by the central 
processing unit (CPU), which includes at least 
the three sections shown. The functional dia- 
gram (figure 10-1) shows the relationship of the 
CPU and the system*s hardware. 

Notice that the heart of the *=vs<em is tiie 
CENTRAL PR(X:ESSING UN; ^V). The 
processing unit receives data anu ^istrucUons 
from input devices, stores them, and refers to 
them as they are needed during the processing 
routine. The central processing unit performs aU 
arithmetic operations, makes companson be- 
tween numbers or other characters, and takes 
the necessary action called for by tiie results m 
accordance with the stored program. It directs 
all processing operations within itself and con- 
trols the flow of incoming and outgoing mfor- 
mation. All communications between input and 
output devices are directed by the CPU. 

OUTPUT. -Pertaining to a device, process, or 
channel involved in an output process. Output 
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Figure 10-1 .-Functional diagram of an EDPS. 
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may be used when referring to either data or a 
device. The device may be a card punch, tape 
drive, paper tape punch, disk or any other piece 
of hardware capable of outputting data. 

We can now see how these elements work 
together in the functional diagram. Figure 10-1 
shows that data travels to memory from the 
input device through a buffer. (Buffers will be 
discussed later.) Data travels from memory to 
the output device. Data may also be sent to or 
received from auxiliary storage (random access 
storage). The operator can also provide or be 
provided with data. Once data is provided to 
memory, it can then be called on by control and 
delivered to the arithmetic/logic unit for compu- 
tations or decisions. Control then directs the 
data back to storage and (Eventually to an output 
device. 



It is important to remember that the control 
unit does not do all of this guidance on its own. 
A programmer (human) has written the instruc- 
tions that are loaded into memory and retrieved 
one at a time by control. Control then makes 
available the proper channels for the data to 
travel. If you continue in the data processing 
fleld, you will eventually write these programs 
and, in fact, have your logic and brain power 
carried out by the computer. 

COMPUTER GENERATIONS 

Computers have often been compared to a 
man in the respect of having a brain. They also 
have in common with men generations. Genera- 
tions in computers have to do with the internal 
modiflcations and design. 
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The fiist type computer in use was naturally 
labeled FIRST GENERATION. This generation 
had vacuum tubes and relays and was very 
susceptible to overheating. An example of this 
generation is the ENIAC computer discussed in 
chapter 2. 

Advancements in technology within the elec- 
tronics field led to the development of what is 
referred to as the SECOND GENERATION of 
computers. This generation brought about solid 
state components. With this transistorization the 
bulk associated with first generation was greatly 
reduced. Overheating was not the problem it had 
been, and data was more protected from loss. 

The THIRD GENERATION is defined as 
having solid logic technology components. They 
contain what are called IC chips and modular 
construction. Basically, this brings about inter- 
changeable units and reduces some repair prob- 
lems by havuig whole circuits contained in one 
chip the size of a dime or less. 

As each generation was introduced, design 
and electronic technological advancements 
brought reduction in size and increase in speed. 
The fourth generation is being sought after in 
the research fields. Technology today is pro- 
ducing smaller and smaller circuit components 
so that whole arithmetic and control units can 
be put on a single chip. LSI (large scale 
integrations) is producing fast memory at a cost 
approaching that of cores. These developments 
arc more evolutionary than the revolutionary 
preceding generations and may or may not 
constitute a true fourth generation. 

CLASffOF COMPUTERS 

Computers may be classified according to 
their purpose. A SPECIAL purpose computer, 
such as the navigational computers used aboard 
submarines, may have the sequence of instruc- 
tions or program which the machine is to follow 
in manipulating data permanently wired into the 
circuitry of the machine, so as to handle one 
type of data processing task as efficiently as 
possible. This type is most generally referred to 
as an ANALOG computer. 

In contrast, a GENERAL purpose computer 
may be used for any task which can be handled 
by any DIGITAL computer, unless its storage 
capacity or speed is inadequate for a particular 



application. This is not to say that a general 
purpose computer could not be used in charting 
navigation, but it would not be as useful as a 
special purpose computer designed for that 
express purpose. Furthermore, even general pur- 
pose computers are frequently designed with 
business or scientific interest in mind. But they 
are complex and flexible enough to be adapted 
to other types of problems. Because of the 
variety of data processing tasks in the Navy, 
Data Processing Technicians will work, in most 
cases, with general purpose digital computers. 

CENTRAL PROCESSING UNIT 

We have previously described the CPU as to 
its general functions. This section will expand on 
these functions and help to further your knowl- 
edge of a computer system. 

Main Storage 

The storage or memory section of a CPU is 
usually referred to as main storage. This is the 
storage area that is most readily available to the 
control section. When the control section is to 
retrieve an instruction or data for processing by 
the arithmetic/logic unit, it will seek it out from 
main storage. 

The physical makeup of storage will be 
covered in a later chapter. What is important 
right now is the answer to the question: What is 
main storage used for? It is used to store (hold) 
data and the program to be utilized during a run 
until the control unit calls for it. 

Storage Size 

Storage is generally refcned to by its size. 
You will hear of 4K, 8K, 16K, etc. The K 
portion is usually thought of as the representa- 
tion of the value 1,000. Therefore, 4K means 
4,000. 4K memory is about the smallest that the 
Navy utiUzes. Consider for a 4K memory, a job 
consisting of a 15,000 card input file and a 
program with about 180 indwidual instructions, 
each with about six characters. This is a lot of 
characters and you may think we are in trouble. 

We are not! First of all, the entire file does 
not enter memory at the same time. One record 
(card) is processed at a time (as with EAM). 
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Remember. incrcuscJ speed of input, processing 
and output is one of the significant advantages 
of computers over EAM. 

Second, the 4K does not specifically refer to 
character positions but rather to addressable 
locations. Addressable locations will be covered 
later m more detail, but for now an addressable 
location means an area of storage capable of 
holding one or more characters. 

Let us assume that main storage could hold 
five characters per addressable location. If you 
then wanted to know the character size, you 
could simply multiply 4K (4,000) by five, giving 
main storage a capacity of 20.000 characters. 

The size of storage has much to do with the 
capabilities of a computer and flexibility of a 
command. As the amount of storage increases it 
gains the ability to hold larger, more complex 
programs and much more intermediate calcu- 
lation results. (On small scale computers this 
intermediate result would have to become out- 
put-then input to a different program to 
produce the final result.) 

Control Section 

The control section times and directs all 
operations called for by the instructions of a 
program stored in the memory of the computer. 
This includes controlling the operations of all 
input and output devices, entering data into or 
writing data out of storage, and transferring data 
between storage and the arithmetic/logic sec- 
tion. 

All this is not self-contained in the control 
unit. The control unit is like a man's nerve 
center. It receives messages from other areas, 
then analyzes the problem and starts an action. 

For output, the control unit is interrupted 
from regular processing of data by a signal from 
an output device to indicate it is ready for more 
output. 

For input, the control unit keeps checking to 
insure that it has a record available to be called 
into storage. 

When the control unit determines that it 
needs more input or can provide output, it then 
calls in a set of instructions. These instructions 
are not part of the normal program being run. 
The regular program is temporarily set aside, and 
the input output instructions are brought in 



and performed. This input/output program is 
usually provided by the manufacturer as soft- 
ware for the system. 

Once input or output is completed, the 
control unit is signaled to return to the regular 
processing program. The instructions from this 
program are again brought in one at a time and 
analyzed. If it is determined that a calculation or 
a decision is required, then the control unit 
turns control over to the arithmetic/logic section 
and makes the required data available. 

Integrated operation of the entire system is 
achieved automatically through the control 
section. 

Arithmetic/Logical Section 

The arithmetic/logical section is equipped to 
perform all arithmetic and logical operations. 
The circuitry for the arithmetic portion per- 
forms calculations, shifts numbers, sets the 
algebraic sign of results, rounds, compares, and 
so on. The logic portion acts as a decision 
making instrument to change the sequence of 
instruction execution, depending upon arith- 
metical conditions arising during the processing 
routine. For example, if the stored program calls 
for adding all X cards <ind subtracting all NX 
cards, the logical portion must decide which 
condition exists and pa&'j its "decision" to the 
arithmetic portion of the arithmetic/logic 
section. 

PERIPHERAL EQUIPMENT 

In a data processing system, peripheral equip- 
ment is any unit of equipment, distinct from the 
CPU, which may provide the system with 
outside communication. This includes input/ 
output devices and auxiliary devices. 

Input/Output Devices 

An input/output unit is a device for putting in 
or getting out data from storage (fig. 10-2). 
Generally, I/O devices must meet two basic 
requirements. First, the devices must be able to 
modify all data so that it is acceptable to the 
computer during the iiH>ut phase of the oper- 
ation and must be able to present data in usable 
form during the output phase. Second, the 
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cards, paper tapes, magnetic tapes, or make 
graphic displays. Outputs in still other forms are 
available for special applications. 

Online Equipment 

A printer that produces output by direction 
of the CPU is ONLINE. A tape drive that 
delivers data to main storage on request of the 
CPU is ONLINE. A disk unit that holds the 
master file for updating during a run is ONLINE. 

When peripheral equipment or devices are 
under control of the CPU, they are said to be 
online. This is a term you will hear frequently 
and simply means that the device is responsive 
to requests from the CPU. 

Auxiliary Equipment 

AUXILIARY EQUIPMENT is that equipment 
which is not under direct control of the CPU. 
Examples of such equipment are: communica- 
tions terminals, display units, testers and tape 
cleaners. These equipment types are used to 
assist the operational efficiency of a system but 
do not lend direct support. 




R49.361X 

FlQurv 10'2.— Input/Output madiunu in the 
dttt prooMring systsm. 

devices must operate quickly and efficiently in 
conjunction with the computer. 

Conventional input devices sense or read 
coded date from cards, magnetic tepe, paper 
tope, magnetic ink characters inscribed on paper 
documents, or remote termhials via communica- 
tion Unef;. The date is made available to the main 
storage of the 'iystem for processing. 

Output devices record or write information 
from main 'itorage in printed form, on punched 



Offline Equipment 

Auxiliary equipment also includes all input, 
output and storage devices when they are not 
under direct control of the CPU. Such pieces of 
peripheral equipment can perform their designed 
function independently (or in combination with 
another auxiliary device). An example is a paper 
tape reader and card punch producing a dupli- 
cate card file. These operations that are per- 
formed by other than CPU control are AUXIL- 
lARY OPERATIONS or OFFLINE 
OPERATIONS. 

If a storage unit is used as a supplement to the 
online storage, the supplement storage is classi- 
fied as AUXILIARY STORAGE. This would 
most probably be disk or drum type storage 
used in case of data overflow. (Usually, only so 
much area of disk or drum is allocated for each 
file. Any storage requirements in excess of this 
would be directed to the auxiliary storage not 
by the CPU but by an involved indexing system 
recorded on the disk or drum surface.) 
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SYSTEM COMMUNICATIONS 

It has been pointed out that the computer has 
its own internal communications. With the use 
of manufacturer's software and a stored program 
the control unit sends and receives signals to 
monitor, start and stop peripheral equipment. 

There are times, however, prior to or during 
operations when there must be communication 
between computer and operator. 

Manual Communications 

The operator can communicate with the 
computer through consoles, console printer anil 
keyboard (sometimes called teletype) and visual 
display units. 

The console (figure 10-3) is full of lights, 
keys, switches, dials and indicators. Using these 
controls on the console the operator can: 

1 . start and stop the computation 

2. manually enter and extract (or display) 
infonnation from internal storage 

3. determine the status of internal electronic 
switches 

4. determine the contents of certain internal 
registers 

5. alter the mode of operation so that, when 
an unusual condition occurs, the computer 
will either stop or indicate the condition 
and proceed 

6. change the selection of input/output 
devices 

7. reset certain types of computers when 
error conditions cause them to halt 

The console usually has a keyboard and 
printer provided with it. This permits printout 
and type in communications by the operator in 
a much simpler manner than by utilizing the 
console. 

An example of the use of the console with 
keyboard and printer could be a case of error 
detection during processing. A message might 
print out to the operator requesting that he 
restart the run, abort the run, provide a core 
dump, or record the readings present in various 
registers. The operator would respond by follow- 
ing the outlined directions in his RUN BOOK 
for that particular job. (A run book is documen- 



tation of all operator/computer communications 
that are possible for a particular run. It also 
contains set up procedures and distribution 
directions for files and reports.) 

In some cases the printer may be replaced or 
supplemented by a visual display unit. 

Most visual display units are table-top devices 
for displaying graphic reports that would take 
many times longer to produce by normal print- 
ing methods. The display units present tables, 
graphs, charts, and alphameric letters and figures 
on a cathode-ray tube screen, as shown in figure 
10-4. 

A visual display unit may also be used as a 
system operator console by using an entry 
keyboard to update a record immediately and 
return the corrected data to main storage, either 
locally or many miles distant from the proc- 
essing unit. 

I/O Channels 

Signals are transmitted and received through a 
cable connecting the CPU and its online devices. 
This cable or line provides a path for the signal 
to travel and is called a CHANNEL. Not only 
signals for monitoring but also data are trans> 
mitted via channels. 

For CPU and online devices there are two 
types of channels-input and output. 

An input channel is for impressing a state on a 
device or logic element. 

An output channel is for conveying data from 
a device or logic element. Channels (input and 
output) may be simplex or duplex. In simplex 
operations communication are in one direction 
at a time, and it is necessary to check that the 
line is idle before starting a transmission. 

Duplex simply means that within each cable 
connection are two paths (lines) for transmission 
of data. One path is for sending, and one is for 
receiving. 

The paths may allow serial or parallel transfer 
of data. In serial transmission bits are sent one 
after another on the same pair of wires. In 
parallel operation there are many wire pairs per 
line. Usually pairs are provided for each bit in a 
word so that a word at a time is transmitted. 

Another term that is sometimes used in 
reference to channel is MULTIPLEX. Multi- 
plexing is a means for transmission of a number 
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Figure 10-4.- Example of display screen oontents. 



of different messages simultaneously over a 
single circuit. This is accomplished by each 
message being sent in a different frequency with 
a device for separating the frequencies at the 
receiving end. Once the messages (data) are 
separated, they are directed to their proper 
device or storage area. 

Multiplexing is used in system to system 
communications. It is used when many remote 
stations are utilising a single central system. 
Multiplexing is simply another means of com- 
munications similar to the telephone. 

BUFFERING 

Data input atid output require physical move- 
ment of a device. Data movement within the 
CPU is not physical but rather by electronic 
sensing (reading) of a state of magnetism in one 



location and netting of a duplicate state of 
magnetism (writing) in another location. 

We speak of cards being input at so many per 
minute, tape at so many pulses per inch and 
other inputs measured by their characteristic 
method. Inches, minutes and seconds are by no - 
means comparable to the speed of the CPU. In 
the CPU, speeds are referred to in PICO- 
SECONDS (one thousandth of a nanosecond), 
MICROSECONDS (one millionth of a second) 
and NANOSECONDS (one bUlionth of a 
second). 

With this type ol speed difference between 
I/O devices and the CPU it is easy to understand 
that the CPU has a great deal of idle time during 
a complete job run. 

All data processing procedures involve input, . 
processing, and output. Each phase takes a 
specific amount of time. The usefulness of a 
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computer is often directly related to the speed 
at which it can complete a given procedure. Any 
operation that does not use the central proc- 
essing unit to full capacity prevents the entire 
system from operating at maximum efficiency. 
Ideally, the configuration and speed of the 
various input/output devices should be so ar- 
ranged that the CPU is always kept busy with 
useful work. 

The efficiency of any system can be increased 
to the degree to which input, output, and 
internal data handling operations can be over- 
lapped or allowed to occur simultaneously. 

Input is divided into specific units or logical 
associations of data that enter storage under 



control of the program. A number of output 
results may be developed from a smgle input, or, 
conversely, several inputs can be combined to 
form one output result. Figure 10-5 A shows the 
basic time relationship between input, proc- 
essing, and output with no overlap of oper- 
ations. In this type of data flow, processing is 
suspended during reading or writing operations. 
Inefficiency is obvious, because much of the 
available time of the central processing unit is 
wasted. 

Figure 10-5B shows a possible time relation 
between input/output and computing when a 
buffered system is used. Data is fust collected in 
a unit called a buffer. 
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Figura 1M.-0ata buffering. 
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A buffer is storage used to accumulate input 
data prior to transfer to main storage. For 
output a buffer receives data from main storage 
and holds it until the output device can write it. 
Buffers are primarily all external to the main 
storage and in some cases incased in the I/O 
device. 

When summoned by the program, the con- 
tents of a buffer are transferred to the main 
storage unit. The transfer takes only a fraction 
of the time that would be required to read the 
data directly from an input device. Also, while 
data is being as^mbled in the buffer, internal 
manipulation or computing can occur in the 
computer. Likewise, processed data from main 
storage can be placed in a buffer at high speed. 
The output device is then directed to write out 
the contents of the buffer. While writing occurs, 
the central processing unit is free to continue 
with other woric. 



If several buffered devices arc connected to 
the system, reading, writing, and computing can 
occur simultaneously (figure 10-5C). 

The mod'^m trend is to put more computing 
power in the peripheral so that the CPU only has 
to start the task, not control each step. A step 
toward this is the use of main storage as the 
primary buffer. Data is collected from, or sent 
to, the input/output devices in words or in fixed 
groups of characters. 

The CPU tells the I/O device to fill or empty a 
certain section of main storage. While the I/O is 
being accomplished, the CPU can be using the 
rest of main storage for other processing. The 
effect is that of overlapping internal processing 
with both reading and writing. The principal 
advantage here is that the size or length of the 
data handled is restricted only by the practical 
limits of main storage. When external buffers are 
used, the amount of data handled at any time is 
limited to the capacity of the buffer. 
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Computer operators are extremely important 
at any data processing installation. The effi- 
ciency and knowledge of ihe operators at any 
command determine the efficiency and effec- 
tiveness of the data processing installation. 
Skilled operators providing the correct leader- 
ship and training insure the continued success of 
a command. 

Much has to be learned by each person beio» . 
he can become a good operator. This chapte 
presents material that should be useful to ai 
beginning or early career data processors in the 
Navy. 

There are many different systems in use by 
the Navy today. It would be impossible to give 
detailed information on them all. This chapter 
focuses instead on good practices for all oper- 
ators, regardless of ihe system type or 
manufacturer. 

Specific equipment or systems refer to either 
a model of IBM 360 or UNI VAC 1500 (some- 
times called UNIVAC 121^ or AN/UYK-5 (V)). 
These are the most predominant systems in- 
stalled at this time. 

EQUIPMENT AND AREA CLEANLINESS 

One of the first impressions that registers with 
visitors, supervisors and repairmen is the cleanli- 
ness and neatness of a DP shop. Neatness and 
cleanliness are traits of good operators and shop 
supervision. 

Spilled soft drinks, coffee, lunch crumbs and 
cigarettes or bums and ashes are very detri- 
mental to proper operation of equipment. All 
food and beverages should be kept out of the 
equipment area. 

Paper clips, rubber bands and related items 
may fall into openings and cause equipment 
failure. If these items must be kept near the 
equipment, proper receptacles should be 
mounted and used. 



Once a tape reel or file of cards is used, it 
should be immediately restowed. Loose reels 
and stacks of card trays are simply not charac- 
teristic of good operator practices. 

Partial reports (those printouts of runs that 
errored out and have to be rerun), carbons of 
reports, overflou' blank sheets and all other 
waste paper should be disposed of in proper 
receptacles. When one job after another is being 
run and reports are stacked, they could become 
lost with the trash. Reports should be delivered 
to the supervisor or distributed by command 
procedures as soon as they are printed. Many 
reports have been lost in a shop that doesn*t 
practice neatness and cleanliness. This is costly 
to your division or department in terms of 
system scheduling, man-hour production and 
supply expenditures. 

On-the-job training will provide you with the 
required knowledge of each piece of equipment 
you are to operate. The controls that you utilize 
on the equipment should be explained to you as 
to their function. DO NOT depress buttons, 
change toggle switch settings or experiment with 
any other controls. If' you arc inquisitive, ask 
your supervisor or a Data Systems Technician 
for explanations. 

Leaning is also a bad practice around com- 
puter equipment. Many devices have pressure 
sensitive covers which start or stop operations. 
In some cases what appear to be blinking lights 
are also buttons which may be depressed to alter 
operations or data in storage. 

A simple rule is to observe, learn and stay 
away from unfamiliar or unexplained 
equipment. 

CARD READERS/PUNCHES 

Card readers and punches do basically what 
their name implies-read and/or punch cards. 
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There are some models that will also interpret. 

If the unit h utilized as an input, it then 
performs the function of reading and delivering 
the data to main storage. The speed at which 
cards are read is relatively unimportant unless 
you are involved at the management level of cost 
and analysis work. The speeds vary from manu- 
facturer and model to model. 

If the unit is utilized as an output, it then 
performs the function of receiving data from 
main storage and punching the cards. Most units 
are capable of punching the cards with the 
Hollerith Code. They may also punch in row or 
column binary. 

Punching in binary simply means that a punch 
will appear for each bit (1) representation in an 
addressable location of storage. For each no-bit 
(0) present a blank will be generated in the card. 
This type of output is sometimes generated to 
produce required input for some other job or 
data transmission. 

Your duties as an operator do not require that 
you know how equipment executes operations. 
You must know what its functions are and how 
to set controls to induce the proper operation 
for each job. 




120.100.3-.4 
Figura 11-1.~UNIVAC 1549 card raaderpunch- 
b)l0fpr«tM- (CRPI) and keyboird. 



UNIVAC1S49CARD 
READ-PUNCHINTERPRET UNIT 

A type of reader/punch (figure 11-1) which 
you will work with is the UNIVAC 1549 Card 
Read-Punch-Interpreter (CRPI). This is the 
standard card I/O unit used with the UNIVAC 
1218. 

Physically, the CRPI cabinet has two msuor 
units a common control unit and the punched 
card unit itself. The common control unit is 
magnetic core and consists of buffers and 
registers. This buffer provides temporary storage 
for ALL data transmitted between the CPU and 
the punched card unit, between the CPU and an 
online high-speed printer and between the CPU 
and the keyboard printer device (figure 1 1-1). 

The punched card unit is your main concern 
with the exception of leading a conversion table 
into the control unit. (This will be covered later 
in this chapter.) 

The card path for the CRPI includes several 
stations (figure 1 1-2). The first station is a card 
hopper. The cards are held in place by a vacuum 



and require no card weight. A vacuum picker 
and pneumatic throat picks the cards one at a 
time and feeds them to the first read station. 

The read station consists of 12 photo- 
transistors and 1 2 miniature lamps. This type of 
reading is similar to the type utilized by the IBM 
84 card sorter. 

The next station is the punch station which 
has a punch head capable of punching four 
columns at one time. There is a total of 48 
individual punching dies in one punch head. The 
head is capable of punching 225 fully laced (960 
punches per card) cards per minute. 

Following the punch station is another read 
station consisting of the same elements as the 
first read station. This station is used for 
post-read and punch checking. This station 
works like a verifier in that it reads the punched 
card and compares the punches against storage 
(which contains the original reading or data sent 
from the CPU). If a mispunch occurs, the CRPI 
will halt and light an indicator for the operator. 

The interpreter station is next. This station 
will cause cards to be printed upon. There are 
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120.100.3 

Figure 1 1-2.-Controi panel ( A1 ) and RPi ( A2) assemblies. 



two printing lines or positions for each card. The 
print lines are above the eleven and twelve 
punching positions. The two positions allow for 
up to 1 20 alphanumeric characters to print for 
each card. This station may not be active on 
some units. The printing is done at a slow speed 
of 40 cards per minute; a regular EAM type 
interpreter would produce faster results. When- 
ever possible, EAM or off-line equipment is 
utilized to handle jobs which would otherwise 
slow down the computer. 

Normal card handling techniques are required 
when utilizing the CRPI. This means fanning. 



joggling, checking for warpage and foreign 
objects like rubberbands and paperclips. The 
cards are placed in the hopper with the 1 edge to 
the throat, face down with the 12 edge toward 
the operator. 



CRPI CONTROLS 

Across the top of the CRPI unit are numerous 
indicators (lights) and toggle switches. The 
function of each of these controls, from left to 
right (figure 1 1-3), is as follows: 
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120.10a3(48a 



Figura 11-3.->CRPI unitconlrol pamd. 



Blown Fuse Indicators. There are three of 
these for indication of a blov/n fuse in one or 
more phase lines for the 400-hertz input. 

Card Processor. There are two of these for 
indication of a blown fuse in the AC Ime to the 
RPI assembly. 

Blower. There are two of these which will 
indicate a blown fuse in the AC line to the 
cabinet blower. 

If any of these seven indicators come on, 
notify your supervisor or a Data Systems Tech- 
nician (DS). 

Power Switch. This is a spring loaded three- 
position toggle switch. If it is pushed up (ON) or 
down (OFF) and released, it will return to its 
center position. This is the main power switch 
and applies power to the DC supplies and 
blowers. 

DC On. This indicator should light once the 
power switch is tripped on. 

Card Processor On. This indicator should light 
once the Card Processor On/Off switch is 
tripped on. 



Alarm Bypass Switch and Overtemp Indicat- 
ing Light. These two controls for overheating 
are not on most models now due to modifica- 
tions. On some models these h,ave been replaced 
with an Hours and Tenths Meter to record the 
CRPFs power on time. 

Keyboard On/Off. This toggle switch when 
turned ON (up) supplies power to the keyboard 
printer motor. 

On Line/Off Line. This toggle switch when 
turned ON (up) brings the keyboard printer ON 
UNE. 

Card Processor On/Off. This spring loaded 
to^e switch suppUes power to the card punch, 
interpreter and ribbon drive motors when 
pressed to the ON (up) position. 

Mode Indicator. This hidicates if the read or 
punch operation is in Binary (lighted) or XS-3 
(unlighted). 

Read Indicator. When lighted, the read func- 
tion is occurring. 

Punch Indicator. When lifted, the punch 
function is occurring. 
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Reload Indicator. When lighted, the memory 
section is being reloaded. 

RPI Clear/Master Clear. When this switch is in 
the up position, it causes clearing of all circuitry 
associated with the RPI unit only. When in the 
down position, it clears all circuitry associated 
with the keyboard printer, high speed printer 
and CRPI. 

Interpreter On/Off. This control has been 
eliminated on most 1549*s, as the interpreter 
feature is not utilized. It has been replaced with 
an additirnal control for the punch unit. The 
new switch is called Punch Override. In the ON 
(up) position the punch unit is allowed to run an 
long as the RPI is operating. In the OFF (down) 
position the punch unit does not come on until 
a punched output is called for by a program 
through the CPU. 

On Line/Off Line. This toggle switch is to 
allow the RPI to operate on line or off Hne. It is 
turned up for on line, down for off line. 

Feed/Feed 1 . This spring loaded toggle switch 
will allow single card feeding by single pressings 
to the down position or continuous feeding by 
pressing to the up position. 

The last five indicators are called HANDLER 
FAULTS. For halts during operations the oper- 
ator is informed by these indicators just what 
type of a stop (fault) has happened. They 
indicate faults as follows: 

Format Error. This is for indication that an 
incorrect read has happened. In most cases it is a 
binary card trying to be read without the correct 
conversion table having been loaded. The card 
causing this indicator to come on will be ejected 
to stacker 2. 

Stacker Full. Indicates that one of the two 
output stackers is full. 

Chad Full. Indicates that the RPI chad (chip) 
bag is full and requires emptymg. 

Handler Fault. Indicates that a mechanical 
failure in the RPI has occurred, such as a card 
jam or misfeed. 

Read Error. Indicates that the card just read 
or punched has failed the post-read or post- 
punch check. The card is ejected to stacker 2. 

IBM 2S40 CARD READ PUNCH 

The IBM 2540 Card Read Punch (figure 1 1-4) 
is an input/output (1/0) device for IBM System/ 



360 Models 25 and higher. The 2540 has 
separate read and punch feeds with maximum 
reading speed of 1000 cards per minute and 
maximum punching speed of 300 cards per 
minute. The punch hopper holds approximately 
1350 cards; the read hopper and fUe-f<^ed maga- 
zine hold approxima tely 3100 cards. 

The five radial slackers of the 2540 are so 
controlled that three stackers serve e^ich feed: 
stackers Rl and R2, at the right end of the 
stacker group, can receive cards from the itad 
feed only; stackers PI and P2, the leftmost 
stackers, can receive cards from the punch feed 
only; RP3, the center stacker, can receive cards 
from both feeds. RP3 should not be used for 
both the reader and the punch at the same time. 
Each stacker holds approximately 1350 cards; 
cards can be removed from any stacker without 
interrupting operation of the 2540. 

OPERATOR CONTROLS 

The 2540 operator controls are of three 
types: those affecting only the reader (figure 
11-4B), those affecting only the punch (figure 
11-4A), and those that reflect Cvnditions 
common to both feea (see figure 1 MB). 

READER CONTROLS 

Keys 

STOP. Depressing the reader stop key will 
halt card movement at "the completion of an 
operation, turn off the reader end-of-file light, 
and place the reader in not ready status. 

START. The reader start key may be used as 
follows: 

1. Press to feed cards to all stations in the 
read feed, enter the data from the first card into 
read storage, and place the reader in ready status 
if: 

a. the read feed is clear of cards 

b. the feed magazine contains cards 

c. the power is on and all interlocks are 
satisfied. 

2. Press and hold when the hopper is empty, 
the reader end-of-file light is off, and the hopper 
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joggler gate is open. This will cause a nonprocess 
puiout of any cards in the read feed into stacker 
Rl. 

3. Press after clearing an error that required 
operator intervention to initiate any necessary 
feed cycles and place the reader in a ready 
status.' 

ENDOF-FILE. Press this key to condition 
the 2540 so that card feeding and reading will 
continue after the read hopper is empty until 
the last card has been read and stacked. 

Lights 

As an aid to the programmer and the operator 
in planning restart methods, the following 
descriptions of error lights include the associated 
2S40 sense indications. 

READY indicates that the reader is in ready 
status. 

END OF FILE indicates that the end-of-file 
key has been pressed and that the end-of*flle 
circuits aire active. The end-of-file light goes out 
and the circuits are deactivated if the stop key is 
pressed or if the last card has been stacked and 
an additional programmed read instruction, or 
read and feed instruction, has been received by 
the redder* 

VALIDITY CHECK (sense bit 4, data check) 
indicates that an invalid punch configuration 
(more than one punch in rows 1*7 of a single 
column) has occurred in a read or the special 
feature of Punch Feed Read (PFR) data mode 1 
operation. Validity check is turned off by the 
next command. 

READ CHECK (sense bit 3, equipment 
check) signals the detection of a hold count 
check, a parity dieck, and addressing error, or a 
translate check read storage of the attaching 
unit. Read check also turns on with a read 
dutch failure. Read check is turned off by the 
next read command. If a read check > caused by 
a dutcli error, it is turned off by a nonprocess 
ninout operation. In the 2025 integrated attach- 
ment operation only, either a sync check or an 
overrun condition causes a read check. 

FEED STOP (sense bit 1. intervention re- 
quired) turns on when the reader motor is 
stopped by a card jam, a misfeed, a read clutch 
failure, or a failure to receive a signal from the 



attaching unit after a read cycle is completed. 
Feed stop is turned off by performing a non- 
process runout (pressing of the start key after 
emptying the hopper). 

PUNCH CONTROLS 

Keys 

STOP. Depressing the punch stop key will 
halt card movement at the completion of the 
current operation and place th^ punch in a not 
ready status. If PFR is installed, press the punch 
stop key to turn off the punch end>of-file light. 

START. The punch start key may be used as 
follows: 

1. Press to feed cards into the punch and 
blank stations if the punch feed is clear of cards, 
the hopper contains cards, power is on, and all 
interlocks are satisfied. If PFR is installed, the 
contents of the first card enter storage in the 
attaching unit. 

2. Press and hold the key with the hopper 
empty to cause a nonprocess runout of all cards 
in the punch feed into stacker PI. If PFR is 
installed, the punch end-of-file light must be off 
for a nonprocess runout operation. 

3. Press after an error condition requiring 
operator intervention has been cleared to initiate 
any necessary feed cycles and restore the punch 
feed to a ready status. 

END OF FILE is installed in the punch feed 
only when the 2540 is equipped with the PFR 
special feature. Press the punch end-of*file key 
to cause the 2540 to continue feeding and 
processing cards after the punch hopper is 
empty until the last card is read. The last card is 
still in the punch feed at this time, and an 
additional programmed write command must be 
issued to check and stacker select the last card. 

Lights 

As an aid to the programmer and the operator 
in planning restart methods, the following de- 
scriptions of error lights include the associated 
2540 sense indications. 

VALIDITY CHECK (sense bit 4, data check) 
indicates more than one punch in columns 1 
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through 7 while operating in data mode 1. This 
light is installed with the PFR feature only. It is 
reset with the next command. 

PUNCH CHECK (sense bit 3, equipment 
check) indicates the detection of a hole count 
error, parity check, addressing error, or translate 
check in the attaching unit. Punch check also 
tums on if these eitors occur during a PFR read 
operation or any time a punch clutch error 
occurs. This indication is reset by the next 
command. If the check was caused by a clutch 
failure, perform a nonprocess runout operation 
to reset the indicator. In the 202S integrated 
attachment operation only, either a sync check 
or an overrun condition also causes a punch 
check. 

FEED STOP (sense bit 1, intervention re- 
quired) tums on when the punch motor is 
stopped by a card jam, a misfeed or a punch 
clutch failure. Feed stop is turned off by 
performing a nonprocess runout. 

CHIP BOX (sense bit 1 , intervention required) 
indicates that the chip box is either full or 
improperly positioned. 

READY indfc^ites that the punch is in a ready 
status. 

END OF FILE (installed in the punch feed 
only when the 2540 is equipped with the PFR 
special feature) tums on when the punch end- 
of-file key has been pressed, activating the 
punch feed end-of-file circuits. If the punch stop 
key is pressed, the punch end-of-Hle light goes 
out and the circuits are deactivated. End of file 
is reset by any non-PFR command. The end<of- 
nie light tums off when the last card leaves the 
punch check station. 

COMMON INDICATOR LIGHTS 

POWER indicates that the 2540 is being 
supplied with DC power. 

STACKER (sense bit 4, mtervention required) 
indicates a full stacker. (Exception: While a 
2540 with the 5 1-80 column feature is operating 
in 80<olumn mode, cards entering Rl or R2 
turn the stacker light on without any stacker 
being full; the sense bit is not set and the 2540 
does not stop untU a stacker becomes full.) 

FUSE indicates that a signal fuse in the 2540 
has blown. A blown fuse must be replaced by a 
fuse of the same dze. A customer engineer 



should be notifled whenever a fuse has blown as 
this could indicate a malfunction in the 2540 
circuitry. 

TRANSPORT (sense bit i, inteiventfon re- 
quired) indicates a card jam in the transport area 
of the , 2540. This light goes out when the jam is 
deared and the covers are closed. 

OPERATING AND RESTART PROCEDURES 

INHUL START OF 2540 READER 

l^erform a nonprocess mnout operation by 
0|>eniAg the joggler gate, emptying the hopper, 
and pressing and holding the reader start key to 
ensure that no cards are left in the feed. Then 
load the desired cards into the hopper or the 
file-feed magazine and close the jogger gate. 
Card decks less than one inch thick should be 
placed directly m the hopper with the card 
weight; larger decks can be placed in the 
file-feed magazine. Fmally press the reader start 
key. 

INITIAL START OF 2540 PUNCH 

Perform a nonprocess runout operation by 
emptying the hopper and pressing and holding 
the punch start key. Then load the desired cards 
into the punch hopper and press the punch start 
key. 

RESTARTS FROM ERROR CONDmONS 

The 2540 uses the flexible System/360 com- 
mand set; therefore, each different external 
eiTor condition can require different restart 
procedures, depending on whether the 2540 
operation is reading, punchhig, or PFR. If the 
program provides some programmed message to 
indicate the 2540 sense conditions (typeout* 
printout, ^stem console display, etc.), the 
operator can use this message to determine 
which specific restart procedure he should fol- 
low. To locate the error card for read check and 
validity check errors, the operator should be 
familiar with the type of processing used by the 
program: that is, whether the program is reading 
and stacking Mch card with a single command or 
delaying the stacker selection until the data 
from the card is analyzed. 
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Each installation will provide the training 
required of its operators for restart procedures. 

JAM REMOVAL 

The operator can gain access to the top of the 
read feed, transport and stacker area, and punch 
feed by raising the top coven of the 2540. He 
can remove the read check brushes, the read 
brushes, the punch check brushes, and the PFR 
brushes, as necessary, to free jammed cards. 

A decal on the plastic cover over the punch 
clutch has instructions for the operator to 
follow in removing jams from the punch unit. 
These should not be attempted, however, until 
your supervisor deems you qualifi^. 

MAGNETIC TAPE UNITS 

Just as there are many types of electronic 
data processing systems, there are many types of 
magnetic tape transport units. Each unit is 
equipped with various dials, switches, lights, and 
assorted devices for controlling and operating 
the unit. WhUe the devices and features differ 
from one unit to another, the operation of any 
tape unit during a data processing routine is 
basically the same; each is controlled almost 
entirely by instructions in the stored program. 
These instructions consist essentially of such 
instructions as "read," "write," "backspace," 
"skip," and "rewind." Other uistnictions, and 
variations of the instructions just mentioned, are 
used for effecting various other operations, 
depending upon the operations performed and 
the type of system used. 

Feeding of magnetic tape by a tape transport 
unit is performed in a series of starts and stops, 
father than in a steady, even flow. This is done 
to allow the computer time to perform the 
necessary operations upon an input record or 
lecord block as called for in the stored program 
and to perform other operations as required 
before the next record or group of records is 

read in. ^ ^ . 

Several tape transport units may be used with 
an EDPS for a ^ven application, using some for 
input and others for output. The number of 
units that can operate at the same time depends 
upon the type of system used and the job being 
perfoimed. In some systems simultaneous input 



from several units can be effected while other 
units are recording simultaneous output. In 
other systems, input and output may be per- 
formed simultaneously by two separate units, 
but only one unit at a time can be used for input 
or output. 

Each tape unit is assigned an address so that 
the instructions in the stored program can 
reference the proper unit when needed. Each 
unit may have a dial containing as many 
numbers as the maxintum number of tape units 
which can be used with the system. For 
example, if ten units can be used, the dial for 
each unit may contain the numerals 0 through 9. 
When a particular unit number is referenced in 
the stored program, the unit set up for the 
particular operation called for by the instruction . 
must have the dial set to the number specified in 
the instruction (this will be indicated in the 
operators run book for the job). 

HANDLING TAPE REELS 

Magnetic tape is a precision engineered 
product, manufactured and tested under condi- 
tions that are carefully controlled to ensure the 
greatest quality and reliability. An actual pe^ 
formance test is conducted by the manufacturer 
on each reel of tape before it is released to a 
customer. Rigid reliability and life tests are 
made to ensure that the high quality of magnetic 
tape is maintained with usage. 

Di'St, dirt, and damage are the common 
enemies of magnetic tape. Maximum accuracy of 
tape reading and writing operations can be 
greatly reduced or prevented by their presence. 
Proper cleaning of tape units, careful tape 
handling, clean operating spaces, and proper 
tape stowage can prolong the usable life of 
magnetic tape. 

Protection of magnetic tape can be increased 
by observing and enforcing the following rules: 

1. Tape reels should be handled near the 
center, or hub, of the reel. 

2. Avoid contact with, and pinching of, tape 
edges that are exposed througli the reel 
openings. 

3. Tighten the mounting hub securely to 
prevent the reel from wobbling during reading 
and writing operations. 
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4. Do NOT fold or wrinkle the tape ends. 
This could result in uneven tape winding and 
resultant tape damage. 

5. When storing tape reels, use the 
^lanufactu^e^prescribed devices to prevent the 
tape from unwinding in the container. 

6. Smoking should not be allowed in woricing 
spaces where magnetic tape units are installed. 
Smoking is NEVER permitted while handling 
magnetic tape, attending tape units, or woricing 
in the tape storage area. Ashes may contaminate 
tapes, and live ashes may cause permanent 
damage if they come in contact with tne tape. 

7. Avoid dropping tape reels. 

8. Never use the top of a tape unit as a 
working area. Materials placed on top of the 
units are exposed to heat and dust from the 
blowers in the unit. Interference with tape unit 
cooling will also result. 

9. Always follow the rules and procedures as 
established by your activity or installation. 

HLE PROTECTION 

A magnetic tape which has previously been 
used for recording data need not be erased from 
beginning to end prior to ushig it for another 
writing operation, since erasure of old data takes 
place just prior to the recording of new data. 
Hiis feature of magnetic tape creates a necessity 
for providing a method whereby data files 
cannot be destroyed accidentally in the event 
tape reels containing valid data are mistakenly 
loaded for writing. Tape reels have a circular 
groove molded in tlie back of the reel (fig. 1 1*5), 
which permits the hisertion of a plastic file 
protection ring, or adapter rim. When the reel is 
loaded, this protection device depresses a switch 
protruding from the tape reel panel, setting up 
the condition necessary to allow data to be 
written. The absence of the fUe protection ring 
from a file reel causes an indicator light on the 
transport unit to turn on, signaling that no 
writing can take place. 

Either reading or writing can be performed 
when the file protection ring is inserted in the 
fUe reel. When the device is removed, writing is 
suppressed and readhig only can be accom- 
plished. An easy way to remember if a file reel 
should or should not have the protection device 
imerted is **no ring, no write." 




FILE PROTECTION 
RING INSERTED: 




Th« fiU protaetion d«vic« is a plostie ring that fit* Int* • 
round groov* melM in th* t«p« r**!. Whan th« ring is >n ptmf, 
•iHttr rMdina or writing eon occur. Whon tho ring is roMvo^ 
writing is supprossod and only reading can toko ploco; tiuio, 
tho filo is protoctod fnm occldiintal orosuro. 

R48.303X 

Figurt 11-5.-FU0 protaetion dtviot. 

TAPE DRIVES 

A device utilized to move magnetic tape past 
a read or write head is a tape drive. This term is 
synonymous with tape transport, tape unit 
(IBM) or servo (UNIVAC). What die device is 
referred to as other than the glossary (Navy 
accepted) tape drive is usually decided by the 
manufacturer. 

The controls differ in name as widely as the 
devices. Basically, all tape drives .'nust be capable 
of having keys or switches to control: power 
on/off, start, automatic or manual, logical chan- 
nel address, rewind and reading or writing 
settings. 

A DENSITY switch is available on some to 
control the reading or writing of LOW or HIGH 
density. Density refers to the number of bits 
(magnetized spots) for one track capable of 
being recorded per unit of length (usually an 
inch). This means we can produce magnetic tape 
output recorded at low density (e.g.-200 bits . 
per inch) or high density (e.g.-5S6 bits per 
inch). 

Indicators or li^ts are usually available for 
on/ofT indication of operations or for mal- 
functions. Some general indicators are: 

An indicator that lights when the tape unit is 
in use by the CPU. 
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An indicator that lights when the tape is at 
LOAD POINT (beginning of read or write 
portion of the Upe). 

An indicator to show power is on. 

An indicators) to show blown fuses. 

These keys and lights may vary from manu- 
facturer to manufacturer and from model to 
model Specific operating procedures are avail- 
able at each command for its particular system. 

Basically, there are three types of tape drives. 
Type heie refeis to the method of tape tension 
or loading procedures. The types axe: vacuum 
column, tension arm and cartridge. Cartridge is 
not widely used in the Navy and will not be 
discussed. 

The vacuum column type (figure 1 1-6) pro- 
vides for a loop of tape from the FILE REEL to 
the read/write head which then loops to the 
MACHINE REEL The file reel is the tape reel 
containing data to be read or a tape to be 
written on and is always mounted on the left 
spindle. The machine reel or woik teel is the reel 
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which receives the file reel tape. When the 
operation is finished, it is rewound to the file 
reel. 

The vacuum column type allows loops of tape 
to act as a buffer for the sudden start and stop 
action of the tape. Vacuum actuated switches in 
the columns control magnetic clutches that 
permit the two reels to rotate independently. 
The file reel feeds when the loop reaches a 
minimum reserve length in the left vacuum 
column. The machine reel winds tape when the 
loop reaches a point near the bottom of the 
right vacuum column. 

The tension arm type (figure 1 1-7) aUows for 
a type of back and forth looping around spring 
loaded tension arms before and after the read/ 
write head. Approximately five feet of tape are 
looped around each tension arm. The tension 
anns dose and open due to the tension from the 
tape movement to prevent tape damage during 
starting and stopping action. 

With this type of tape drive the file reel is 
mounted on the top spindle and the machine 
reel on the bottom. 

The actual steps for mounting a tape reel on 
either type of tape drive will not be discussed in 
this manual Your supervisor or an appointed 
operator should closely supeivise you in this 
trainhig. Damage to the tapes, tension arms, 
vacuum columns and other parts of the tape 
drives can happen easily. DO NOT ATTEMPT 
TO MOUNT A TAPE REEL WITHOUT 
PROPER SUPERVISION. 

UNIVAC 1240 CONTROLS 

There are several lights and switches that you 
should be familiar with for basic operation of a 
1240 tape drhre. Foldout 1 1-1 , at the end of the 
chapter, shows a four>hacdler unit (A), the 
power control unit (B) and the lower section of 
the control panel (C). 

The following is an explanation of the Ughta 
and switches from left to right on the power 
control unit. 

POWER ON/OFF.-This is a three position 
toggle switch. This switch when ON (up) sett 
relays and applies primary power to the power 
supplies and blower. All power is removed when 
the twitch is tripped OFF (down). 
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IXKSIC INDICATOR.-A green indicator tliat 
should light when power is applied to the logic 
power supply. 

BLOWERS INDICATOR.-A gieen indicator 
that should tight when power is applied to the 
blower circuits. 



ALARM BYPASS.-This is a two position 
switch. In the down position this switch allows 
activation of an audible alarm in case of over> 
heatuig during operation. The up position dis- 
ables the alarm. 

OVER TEMP.-This is a red indicator that 
illuminates when excessive temperature occurs. 
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The next four switches are called HANDLER 
SWITCHES. There is one handler switch for 
each PHYSICAL TAPE DRIVE as numbered on 
the face of the 1240 (foldout 1 1-1 A). Each of 
these switches has the same settings and operates 
the same way for its respective physical drive. 
The settings function as foUows: 

MAN.-This setting applies power to its 
respective drive and permits manual operation 
(loading, unloading, hand reeling). 

OFF.-This settmg removes power from its 
respective drive. 

AUTO.-This setting applies power to its 
respective drive and permits automatic (on line 
or off line) operation. 

OVER TEMP.-Same as the other overtem- 
perature indicator. 

The switches, lights and buttons on the lower 
section of the control panel (foldout 1 1-1 C) are 
in four groups. Each group is for control of one 
physical drive. The top ri«ht is for physical drive 
number one, the lower right for physical drive 
number two, the lower left for physical drive 
number four and the top left for physical drive 
number three. 

Each physical drive is capable of being set to 
one of four LOGICAL settings. Logical settings 
are for the convenience of operators in setting 
up for a job to ensure the program selects the 
right tape drives for input and output. An 
operator's run book will tell the operator which 
tapes to mount for a particular job. The oper- 
ator can then mount the tapes on whichever 
drive he desires. Once the tapes are mounted, he 
then checks to see which tape (by name or 
number) is to be on which logical drive. By 
simply setting the ADDRESS switch to the 
proper number (1, 2, 3, or 4) for the physical 
drive the CPU can properiy transmit or receive 
data. 

This means physical unit two could hold the 
input tape and be set at logical number four, and 
physical unit three could hold the output tape 
and be set at logical number two. 

There may be no duplication of settings. 
During an operation each drive must be set to a 
different logical setting. 



The lights for each group are also pushbutton 
controls and operate as follows. 

LOAD PT.-This is a pushbutton and indica- 
tor. During tape io ading this will light when the 
load point is reached, and the tape will stop. If 
this is depressed while the tape is running 
backward in manual operation, the tape will 
stop. 

RWD.-This is a pushbutton and indicator. 
When depressed, this causes the tape to move 
backward at a high speed rate of 225 inches per 
second until the last 100 feet rewind. During the 
last 100 feet tape movement is slowed to 112.S 
inches per second and stops at load point. 

REV.-This is a pushbutton and indicator. 
When depressed, the tape will move backward at 
the rate of 1 1 2.5 inches per second. 

STOP.-This is a pushbutton that when de- 
pressed will stop tape motion. 

FWD.-This is a pushbutton and indicator. 
When depressed, the tape wfll move forward at 
112.5 inches per second. (During this forward 
motion tlie speed may be increased to 225 
inches per second by depressing and holding the 
RWD pushbutton.) 

EOT.-This is a pushbutton and indicator. 
This illuminates when the end of tape is detec- 
ted. If operating in the manual mode and 
running forward, depression will cause simula- 
tion of end of tape, and the tape ^ill stop in 
one-half second and light the EOT. 

READY.-This is a pushbutton and indicator. 
It illuminates when the handler switch is set 
other than off. 

SELECT. -This is a pushbutton and indicator. 
This lights to indicate that the transport has 
been selected for operation under AUTO setting 
only. 

WRITE ENABLE. -This is a pushbutton and 
indicator. This must be depressed by the oper- 
ator to permit writing on the tape. If the 
indicator does not light, necessary conditions are 
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not satisfied, and the write function cannot be 
performed until this is corrected. 



IBM 2420 (MOD 7) CONTROLS 

Refer to figure 1 1^ for the location of the 
following operator panel indicator's and 
controls. 

READY.-Indicates the tape unit is properly 
loaded, the start pushbutton pressed, and tape 
unit can be activated by the tape control. 
Turned on by pressing the start pushbutton if: 

a. Tape unit is loaded and tape is in columns 

b. Reel door is interlocked 

c. Tape unit is not searching for load point 

Pressing the start key while tape is in motion, 
as in a load/rewind operation, does not light the 
ready light until load-rewind is complete. The 
reel door should not be opened while the ready 
light is on. Manual control is indicated when 
light is off if the tape unit is not rewinding or 
loading and the reel door is closed. 

SELECT.-Indicates this tape unit is ad- 
dressed by the computer. An addressed tape unit 
must be "ready" before recehring program in- 
structions. 

FILE PROTECT.-Indicates that a loaded 
tape unit is file-protected (can neither write or 
erase) because: 

a. No file reel is mounted or 

b. The file reel does not contain a write- 
enable ring or 

c. A load-rewind operation is in progress or 

d. An unload operation is in progress. 

CB.~Indicates that a circuit breaker tripped, 
the gate thermal tripped, or a fuse opened. 

TAPE INDICATE.-.Indicates that a Ught-to- 
dark transition at the end of the end-of-tape 
(EOT) marker was sensed during a forward 
operation. Indicator is turned off by the light- 
to-dark transition of the opposite end of the 
same maricer during a backward operation. 
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LOAD CHECK.-Indicates a thread failui« or 
a tape leader longer than thirty feet. 

LOAD-REWIND.~Operative when tape unit 
is not in ready status. Moves tape to load point 
if the unit is loaded, or threads tape to load 
point and loads tape into columns if the unit it 
unloaded. 

START.-Puts the tape unit in ready status 
and under computer control and turns on tewAv 
light if: 

a. Reel door is closed. 

b. Tape is in columns. 

c. Tape unit is not rewinding. 

Disables all manual controls except 'reset.* 

REWIND-UNLOAD.>Operative if the tape 
unit is not in ready status or rewinding and tape 
is in columns. Rewinds tape to load point and 
unloads tape onto the file reel Qoses cartridge 
(if used). (Dpens power window at the end of an 
unload operation. Opens power window if tape 
unit is unloaded. 

RESET.-Removes tape unit from ready sta- 
tus and computer control. Performs the follow- 
ing: 

a. Stops tape during low-speed rewind or 

b. Reduces high-speed rewind to low-speed 
rewind or 

c. Stops tape motion during load or unload 
operations or 

d. Turns off load check light and 

e. Raises power window 

LOADING AND UNLOADING TAPE DRIVES 

There are a few things you should look for 
while handling tapes. 

IRREGULAR WINDING 

As tape is wound on reels, it is normal for 
some of ita edges to protrude lUghtly. Thaie 
irregularities usually result from high-qieed re- 
winding. The speed at which tape moves, during 
high-speed rewinding, produces the lUghtly irreg- 
ular wind due to air being trapped between 
adjacent layers of tape. HUs in itself will not 
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cause improper operation of tiie tape, but it 
requires that proper care in handling be exe^ 
dsed by all operators. 

REEL WARP AGE 

When not being used, tape reels must be 
properly supported. The plastic container is 
designed to fully support the reel A tape reel 
that is supported in any other manner may 
become waiped. 

If a reel is not seated properly on the tape 
drive hub during use, it will wobble or appear to 
be warped. If the file protection ring is not 
completely inserted, it produces the same effect 
In either case, the reel behaves as though it were 
warped, and the edges of the tape can be 
damaged. 

TAPE MARKERS 

If, during the mounting of a tape you discover 
that there is no load^int marker, one must be 
put on the tape. There also must be an end-of- 
tape marker at the other end of the tape. The 
markers are small pieces of transparent plastic 
with a thin fibn of aluminum on one side. 
n:es»ue*sensitive adhesive covers the aluminum 
fihn so that the markers can be pressed onto the 
tape. 

The load-point marker (fig. 1 1-9) is placed at 
least 10 feet or more from the begiiming of the 
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Figure 11-9.-Loid point fluriter. 
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tape to provide a leader for threading the tape 
on the tape unit. This marker is placed on the 
uncoated (shiny) side of the tape, parallel to, 
and not more than 1/32 of an inch from, the 
edge of the tape which is nearest the operator 
when the reel is loaded. 

The end-of-tape marker (fig. 1 1-10) is placed 
at least 14 feet from the end of the tape to 
provide 10 feet of leader and four feet for the 
recording of data after the end-of-tape marker is 




49^ 

Figura 11-10.-End«ftap« marfcar. 

sensed. This marker is placed on the uncoated 
side of the tape, parallel to, and not more than 
1/32 of an inch from, the edge of the tape which 
is nearest the tape unit when the reel is loaded. 

TAPE CLEANING 

Tape failures on your activity's computer can 
be extremely costly. Careful maintenance of 
magnetic tape will minimize or even possibly 
eliminate lost computer time. 

The first step in every magnetic tape mainte- 
nance program is obviously careful cleaning. The 
majority of all tape errors result from contami- 
nants which collect on all magnetic tape in 
normal computer use. This debris is composed 
mainly of fragments of oxide or backing mate- 
rial dislodged from the tape itself. These parti- 



cles of "self dirt" cause loss of contact between 
the computer read/ write heads and the surface 
of the tape. The largest source of such surface 
dirt is the tape edge. 

An effective method of cleaning tape is by 
using a Magnetic Tape Cleaner similar to the 
tabletop model shown in figure 11-11, which 
will dean a 2400-foot tape in approximately six 
minutes. 

A rotating cleaning blade skims off imbedded 
oxide lumps, du-t, and other foreign particles. 
Loosened dirt is removed from the tape by 
wiping assemblies on each side of the blade, 
which are mounted on turrets. When the end-of- 
tape marker is sensed by the photoelectric 
switch, the tape automatically reverses and the 
wiper turrets adjust to the new tape travel 
direction and clean the entire length of tape in 
the opposite direction. The wiping tissue is made 
of a special texture fabric and mounted on 
spools. 

It is important that wiping material be 
changed frequently at the point of contact with 
the tape in order to avoid entrapment and 
retention of abrasive dirt particles at the tape 
surface being wiped. 



MAGNETIC TAPE LIBRARY 

Each computer center that utilizes magnetic 
tape records should have a tape llbraiy for 
proper control and storage of magnetic tapes. A 
tape library may contain relatively few reels of 
magnetic tapes or it may contain several thou- 
sand. In any case, these reels contain vital 
records, and an adequate system of control is 
essential in the filing and maintenance of tape 
records. A tape librarian, as designated, is the 
custodian of all tape re^ls in the library. 

As the tape librarian you should be familiar 
with the procedures in maintaining a tape 
library. Before the types of records and controls 
are discussed, let's get an idea of some of the 
duties a tape librarian may be required to 
accomplish: 

Retrieve and Hie magnetic tapes in accordance 
with schedule. 

Maintain and physically inventory tape files. 

Control tape reels on a rotational basis. 

Prepare tape usage reports. 
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Figura IMI.-GKi magnttietapeeiMiMr. 

records pertaining to that tape must be changed 
accordingly. Following is one system which may 
be used to meet these requirements, and ii 
intended only to provide basic ideas and guide 
lines for maintaining a magnetic tape libraiy. 

Every reel of magnetic tape must be correctly 
labeled. This is accomplished by two external 
labels which every reel must have. These are 
called permanent reel and temporary file labels. 



Permanent Reel Label 

The permanent reel label, in this case, is a 
paper label with adhesive backing that is phyii- 
cally attached to the side of new reels. An 
example of this type 3f label is shown in figure 
11-12. Information included on this label is: 
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Maintain tape reel use logs, tape labels, and 
associated files. 
Maintain control of certain required data and 

program files. 

Test tapes for quality, clean tapes, and de- 
gauss tapes according to schedule or upon 
release by programmers. 

Make recommendations concerning the dispo- 
sition of faulty or damaged tapes. 

File all library material in a neat organized, 
uniform manner. 

LIBRARY CONTROLS 

Library controls for magnetic tapes may be 
set up in various ways as long as they provide 
the proper control of all tape reels \n the 
computer center. It must be remembered, how- 
ever, that each time the tape status changes, all 



DATA PROCESSING TECHNICIAN 3 & 2 



Seiial number of the reel. 

Cunent length of the tape. 

Datfe received from the manufacturer. 



REEL IDENTIFICATION 



SERIAL NO. 
LENGTH 

DATE RECEIVED. 
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This label is never removed from the reel. 
Each tape is assigned a sequential cabinet slot 
number which shows the permanent storage 
position for that tape. 

Tempoiary Fife Label 

The temporary file label (figure 11-13) may 
be a three-part form consisting of one buff copy, 
one colored copy, and a white tape label with 
adhesive backing. 
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The form is hand prepared on all newly 
generated tapes, showing the reel number, classi> 
fication, cabhiet slot number, programmer's 
name, identification, the date the tape was 
created, and the retention period, which is the 



number of days the tape must be saved before it 
can go back into the scratch pool. (A scratch 
tape is a reel of tape on which new information 
may be written.) 

The white tape label is affixed to the reel of 
magnetic tape, the programmer receives the buff 
copy for his records, and the tape librarian gets 
the colored copy. 

The tape librarian uses his copy as a source 
document to be keypunched and interpreted. 
Once keypunched, the card is filed in the master 
card file and the document may be kept for 
historical records, or destroyed. In order to keep 
the file up to date, this procedure should be 
followed every day, in order to provkle easy and 
prompt access to any tape by the tape librarian. 

A reel which has a temporary file label on it 
must have the file protect ring removed 
immediately. 

AVAILABIUTY OF TAPES 

In a data processing application involving 
punched cards, the method employed in obtain- 
ing blank card stock is quite simple; the operator 
merely draws the required quantity from the 
blank card storage area. Little control over blank 
cards is required except to ensure that demand 
never exceeds the supply. In applications involv- 
ing magnetic tape the operator cannot draw 
from a file of new tape reels each time he is to 
perform a writmg operation. This may be the 
case in newly established systems, but once a 
system has reached an operational status, pro> 
curement of new tapes is limited to those 
needed for expanded or new operations, or to 
meet requirements unforeseen in the original 
planning. The principal source of magnetic 
tapes, for writing operations in an operational 
system, is provided through scratch (nonrecord) 
tapes containing data no longer needed. 

One method of controlling available tapes for 
writing operations invohres setting up the tape 
records on punched cards and maintaining all 
cards representing record tapes in one file and all 
cards for scratch tapes in a separate file. Periodic 
listhigs for audit and control purposes can be 
obtained when library records are in the form of 
punched cards. 

It is essential that each tape reel or file be 
made available when its contents are outdated or 
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no longer required if an adequate supply of 
scratch tape is to be assured. 

Whenever a programmer wants to release a 
tape saved by him, he can sign the buff colored 
form that he received as his record when the 
tape was created and give it to the tape librarian 
to delete. 

Your involvement in control of tapes as an 
operator is to ensure that when a scratch tape is 
used for output that it is properly identified. To 
do this you must properly mark the tape as to 
its title in the run book and with the current 
date. You will then return it to either the 
programmer or tape librarian for update of the 
tape library. 

TAPE SECURITY 

Data on tape must be handled according to its 
dassiHcation the same as paperwork. The re- 
sponsibility for its stowage may rest with the 
librarian or the programmer. While it is being 
utilized, however, the operator must assume the 
responsibility of not only the tape but whatever 
output is produced. 

The output should be marked with the same 
grade of classification as the input unless other> 
wise directed. If signatures are required for its 
custody, always obtain a signature from whom- 
ever you release it to. 

Don*t forget the carbon paper used in multi- 
ple copy printouts or the partial run printouts 
that have to be restarted. 

HIGH SPEED PRINTERS 

High speed printers are relatively simple in 
their function and the associated operator con- 
trols. The function is to print information as 
output The printing is controlled as to number 
of lines per page and the body format by the 
program and the carriage tape. The carriage tape 
(foldout 1 1-2F> is similar to that used on the 
IBM 407 Accounting Machine. 

Regardless of the system or the manufacturer, 
the high speed printers have about the same 
pushbutton control and light indicators. The 
controls are usually for turning power on or off, 
causing paper to skip to the top of the next page 
and for pacing the paper a line at a time. The 



lights are usually for indication that the printer 
is ready for use and to let the operator know 
that the end of paper supply has been reached. 
The operator's msQor responsibilities are to: 

1. Ensure the right carriage tape is installed 

2. Ensure the right papsr is provided (width 
or form number and correct carbon numbers) 

3. Ensure that each report is started at top of 
form. 

IBM 1403 PRINTER 

The IBM 1403 Printer is shown in foldout 
11-2A. 

The control keys and lights are shown in 
foldout 1 1-2B and function as follows: 

START.-Pressing the start key places the 
prinU:i in a ready status if the following 
conditions are met: 

Power on 

Forms guide plates closed 

Feed*dutch control properiy positioned 

Carri&ge-control tape installed 

Carriage-brush assembly closed 

No trror conditions, sudi as print-check, 

sy.to^eck, form-check, or end-of-form, 

ex^st 

The start key on a 1403 attached to the 
System/360 also permits operating the printer 
after the end-of-form light is on, until channel 1 
of the carriage tape is sensed. 

A duplicate start key is located at the rear of 
the printer for operator convenienoe. 

CHECK RESET.-The check reset key resets a 
printer error indication, the start key is used to 
restart the operation. 

STOP.-The stop key stops the printer at tbib 
completion of the cuirent operation. A 
duplicate stop key is located at the rear of the 
machine for operator convenienoe. 

PRINT READY.-The print ready light 
indicates that the printer has been conditioned 
by the operator to accept initial initructioni and 
subsequent commands from the system. This 
light turns off when: 
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The stop key is pressed 
The carnage ^top key is pressed 
All end^f«fortn is indicated 
An error condition, such as form*check, 
^nc^eck or print-check, occurs. 

PRINT CHECK. -The print check light 
indicates a malfunction in the printer circuits. 
The operation may be retried and, if unsuccess- 
ful, service may be required. 

END OF FORM.-The end-of-form light turns 
on and the machine stops when an end-of-form 
condition occurs. 

If an end-of-form occurs during a skip or 
while spacing within the last form in the printer, 
the operator should single-cycle print until the 
next ^p to a new form occurs. 

FORM CHECK.-The form check light is 
turned on for any of the following conditions: 

Forms not feeding properly through the 
forms tractors 

Forms guide plates open 

Carriage-control tape not installed 

Carriage brush assembly open 

Feed-dutch manual control not properly posi- 
tioned 

Carriage stop key pressed. 

SYNC CHECK.-The sync check light turns 
on when the chain or train is not in synchroniza- 
tion with the compare circuits for the printer. 
The timing is automatically corrected. Pressing 
the check*re$et key turns off this light. 

A sync check may result if the forms cart is 
not in contact with the grounding straps at- 
tached to the base of the machine. (Not applica- 
ble to Model Nl.) 

CARRIAGE SPACE.-Pressing the carriage 
space key (when printer is not ready) advances 
^ carriage form one space if the clutch is 
engaged. On System/360 this key is operable 
only when the printer is not in a not-ready 
condition. 

CARRIAGE RESTORE. -Pressing the ca^ 
riage restore key positions the carriage at chan- 
nel 1 (home position) of the carriage tape. If the 



carriage feed clutch is disengaged, the form does 
not move. Model Nl also has a duplicate carriage 
restore key located at the rear for operator 
convenience. 

Note: This key must not be pressed when the 
printer is printing. Printer operation is unpre- 
dictable; carriage runaway may occur. On Sys* 
tem/360, this key is operable only when the 
printer is in a not-ready condition. 

SINGLE CYCLE.-Pressing the single-cycle 
key operates the printer for one line. Messing 
the start key returns the printer to normal con- 
tinuous operation. If an end-of-form condition 
exists, single-cycle operation can occur only un- 
til cliannel 1 of the carriage tape is sensed. 

Note: When the single-cycle key is pressed, 
control and diagnostic commands are processed 
(if issued by the processing unit) until a write 
command is executed. The printer then enters 
single-cycle mode. 

For further details, check the appropriate 
system publication. 

This key is not installed on 1403 printers 
attached to a System/36C Model 20, except a 
2020 submodel 5. 

CARRIAGE STOP.-Pressing the carriage stop 
key stops the carriage operation and turns on 
the form check light. The form may need to be 
realigned with the program. Press the check reset 
key to turn off the form check light. 

INDICATOR PANEL UGHTS 

This indicator panel (foldout 1 1-2G), located 
below the manual feed clutch control, can 
enable the operator to easily locate and rectify 
common trouble sources. 

GATE INLK.-The gate interiock light indi- 
cates that the print unit is not in position. The 
print*unit release lever locks this unit in posi- 
tion. 

BRUSH INLK.-The brush interlock light 
indicates that the carriage tape brushes are not 
latched in position for operation. 



294 



ERIC 



Chapter 11 -OPERATION AND CONTROL OF EDP EQUIPMENT 



SHIFT INLK.-Thc shift interlock light indi- 
cates that the manual feed clutch control is not 
properly positioned. 

THERMAL INLK.-The thermal interlock 
light indicates that a fuse has burned out and 
service is required. 

HS START.-The high-speed start light indi- 
cates that a high-speed skip has been initiated. 
(This light is not operative on Model 6 and 
models attached to System/360.) 

LS START.-The low-speed start light indi- 
cates that a low-speed skip or line spacing has 
been initiated. (Tliis light is not operative on 
models attached to System/360.) 

HS STOP. -The high-speed stop light indicates 
that a high-speed skip stop has been initiated. 
The light is also on when the carriage is not in 
motion. (This light is not operative on Model 6 
and models attached to System/360.) 

LS STOP. -The low-speed stop light indicates 
that a low-speed skip stop has been initiated. 
The light is also on when the carriage is not in 
motion. (This light is not operative on models 
attached to System/360.) 

OPERATOR PROCEDURES 

For the following procedures refer to foldout 
1 1-2. Only the letters A through 1 will be given 
for indication of which specific illustration 
depicts the item being referenced. 

CARRIAGE-CONTROL TAPE INSERTION 

1 . Raise the printer cover. 

2. Turn the feed clutch (E) to neutral. 

3. Press the latch on the side of the brush 
holder (F), and raise the assembly. 

4. With the printing on the outside of the 
tape loop, place the loop over the pin-feed drive 
wheel so that the pins engage the holes in the 
tape. Be certain that the line-position numbers 
are on the right side of the tape loop, a?; seen 
from the front of the printer. 

5. Place the other end of the loop around the 
adjustable carriage-control tape idler. 



6. Adjust the idler by loosening the locking 
knob (F) and moving the idler in its track. No 
noticeable slack should be in the tape, but the 
tape should not be under tension. Test the tape 
by pressing the sides of the loop together. There 
should be some "give." If the tape is too tight, 
the pinfeed holes will be damaged. Be sure to 
retighten the locking knob on the idler. 

7. Lower brush assembly. A click can be 
heard when the latch engages. 

8. Press the restore key (B). When the tape 
has returned to the home (channel I ) position, 
engage the feed clutch. 

9. Close the printer cover. 

RIBBON CHANGING 

To change the ribbon (H) on the 1403 
Printer. 

1 . Raise the printer cover. 

2. Pull back and unlock the print unit release 
lever (CD). Swing the print unit out. 

3. Open the top ribbon cover (D,H). 

4. Unlatch the print-line indicator ribbon 
shield and swing it away from the ribbon, 
against the forms area. (Tliis is located between 
the two sets of tractor covers (I) just in back of 
the ribbon cover (D).) 

5. Pusli the top ribbon roll (H) to the right 
(liinged side of print unit), lift out the left end 
of the ribbon roll, and remove the roll from the 
drive end of the mechanism. (Gloves may be 
provided with the ribbon.) 

6. On printers without the auxiliary ribbon 
feeding, slip the ribbon from under the ribbon 
correction roller (H). , 

7. To remove the bottom roll, press the 
ribbon roll to the right, lower the left end of the 
ribbon roll, and remove it from the mechanism. 

8. Place the new full ribbon spool on the 
bottom spindle. Hand-tighten the ribbon to 
remove slack from in front of the printing 
mechanism. 



FORMS INSERTION 

1 . Raise the front cover of the printer to gain 
access to the print unit and forms area. 

2. Turn the feed clutch (E) to neutral. 
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3. Unlock and swing buck the print unit by 
puUing the print-unit release lever (C,D) toward 
you. 

4. Set both the left-hand forms tractors (I) 
slightly to the left of the first printing position. 
Pull the tractor until it latches in the appropriate 
notch. 

5. Open the left-hand tractor covers and 
place the fomis over the pins. Close the covers. 

6. Open both riglit-hand tractor covers (I). 

7. Move the right-hand tractors to the desired 
location to line up the right aide of the forms. 
Pull out the tractor pin-latch, and slide the 
tractor until the pin snaps into the appropriate 
position. 

8. Place the forms over the tractor feed-pins 
and close the tractor covers. 

9. Tighten the tension on the form, using the 
right-hand tractor vernier (E). 

10. To position the form, turn the paper 
advance knob (E) until the block, line, or area 
on which the first line of print is to occur is just 
visible above the ribbon guide bar (except 
Models 3 and Nl). Align the desired hammer 
position to the form with the lateral print- 
alignment lever and vernier. Ob^rve the rela- 
tionship of the markings on the ribbon guide-bar 
to the form. Now, turn the paper advance knob 
backward three line spaces (if in six-line neutral, 
or four line spaces if in eight-line neutral). The 
form is now property positioned. 



13. Set the feed clutch to drive (E). Set it for 
either six or eight lines per inch depending on 
the form to be printed. 

14. Close the cover of the printer. 

15. Position the paper supply on the input- 
paper cart so that the forms feed straight up into 
the machine. 

16. When printing begins, operator attention is 
required behind the printer. The first form must 
be guided between the forms stacker-guide and 
the machine. Then, the first forms must be 
adljusted in the stacker so they fold flatly. 

UNIVAC 1569 PRINTER 

The printer control panel (figure 11-14) con- 
tains all the controls and indicators required to 
operate and monitor the printer once paper and 
ribbon have been property installed. The con- 
trols and indicators are described as follows: 

POWER ON/OFF. -This pushbutton switch is 
an alternate action indicator/switch. In one case, 




Note: If your printer is a Model 3 or N 1, turn 
the paper advance knob backward four line 
spaces for six-line operation and five line spaces 
for 8-linc operation. These models have a plastic 
ribbon shield that is one line-space higher than 
the ribbon shields of other models of the 1403 
printer. The top surface of the extreme left and 
right ends of the plastic ribbon shield may still 
be used for vertical forms alignment when the 
ribbon shield is unlatched from the print unit 
and swung against the forms. 



1 1 . Close and lock the print unit. Be sure to 
push the print-unit release lever as far back as it 
can go. 

12. Restore the carriage tape to the first 
printing position by pressing the carriage restore 
button (B). 



o 

ERIC 




296 



120.10(15-.6(49C} 
Figure 11.14.>UNIVAC 1869 high nmd prinW 
•nd controls. 



Chapter 11 -OPERATION AND CONTROL OF EDP EQUIPMENT 



pressing the switch applies power and lights up. 
In the other case, pressing the switch removes 
power and extinguishes the indicator. 

READY/PAPER OUT. -This is an alternate 
action pushbutton switch and an indicator ca- 
pable of signaling two conditions. 

As a switch, in one case depression will place 
the printer in a ready condition, light the top 
half of the indicator (green) and send a ready 
signal to the CRPI unit. In the other case, 
pressing the switch extinguishes the indicator 
and places the printer in standby. 

As an indicator it will li^t the top half 
(green) when in a ready condition and the 
bottom half (red) when an out of paper or torn 
paper condition exists. If the red indicator 
lights, the green (ready) indicator will extinguish 
and the printer will be in a standby condition. 
With paper reloaded, depression of this switch 
will cxiinguish the red (paper out) light, light 
the green (ready) light and resignal the CRPI 
unit. 

TOP OF FORM.-This is a single action 
indicator/switch. When depressed, it will light 
and signal the CRPI to cause paper advance to 
the next top-of-form position (as indicated by 
the punched carriage tape). 

PAPER SLEW. -This is a single action indi- 
cator/switch. When momentarily depressed, it 
will Ught and signal the CRPI to cause single 
iq;>acing paper advance. 

PAPER POSITIONING CONTROLS 

The paper is positioned in the printer mech- 
anism by three controls; the tractor clamps, the 
horizontal position control, and the vertical 
position control. The tractor clamps position the 
tractors (and paper) horizontally. The horizonta' 
position control provides for making fine hori- 
zontal adjustments of plus or minus one char- 
acter width. The vertical position control pro- 
vides for positioning the paper vertically, one 
line up or down. 

PAPER TENSIONING CONTROLS 

The paper is tensioned by two types of 
controls: the vertical tension controls and the 



tractor fine adjustment controls. The vertical 
tension control is used to tauten the paper 
between the upper and lower tractors. The fine 
adjustment controls are adjusted together to 
tauten the paper between the left and right 
tractors. 



OPERATING INSTRUCTIONS 

The printer should be prepared for operation 
by following the general procedure outlined as 
follows. Detailed instructions for performing 
steps 2 through 6 of the following procedure 
should be provided by on-theiob training. 

STEP 1 . Perform a visual check of the printer 
system, making certain that all printed circuit 
cards are securely in place, fuses are in place and 
intact, and the air filter is installed and free of 
dirt. 

STEP 2. Check the condition of the ribbon, 
replacing it if necessary. 

STEP 3. Check the paper supply and re- 
plenish if necessary. 

STEP 4. Check the paper positioning and 
tensioning controls for proper adjustment. 

STEP S. Make certain the drum gate is closed 
and secured. 

STEP 6. Make certain the tape loop, if one is 
required, is in good condition and is properly 
installed in the tape reader. 

STEP 7. Apply power to the printer by 
pre<js ng POWER ON/OFF switch and check 
each blower to make certain it is operating. 

STEP 8. Press the READY switch. When the 
READY indicator lights, the printer is in a ready 
condition and will, on conmiand from the CRPI 
Unit, begin operation. 

SYSI'EM SETUP 

For an example of system setup the UNI VAC 
1500 system will be referenced. The controls for 
all but the CPU (1218) have previously been 
Ulustrated and listed. Refer to the previous 
illustrations for each piece of hardware in the 
following procedures. 

The choice of which device to power up first 
is up to the operator; therefore, the machine 
sequence that follows is not mandatory. 
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TAPE DRIVE 

To set up the tape drive (1240) ensure that 
the handler switches are OFF and then press the 
POWER LOGIC toggle switch up (ON) and 
release (foldcut 1 1-lB). The green indicators for 
logic and blower power should then light. 

In the top two control panels next to physical 
unit 1 are three controls that should be checked 
(foldout 1 1-lA). The INACTIVE/NORMAL tog- 
gle switch should be set to NORMAL (down); 
the MODE switch should be dialed to Tl ; the 
CL(X:K CONTROL switch should be dialed to 
NORMAL. 

The MASTER INSTRUCTION TAPE (MIT- 
discussed in a later chapter) is then mounted on 
any one of the physical drives. Once the MIT is 
threaded throuc^ the tension arms and past the 
read/ write head, ensure that enough winds have 
been taken on the machine reel to go past the 
load point marker. Set the tension arms, close 
the buffer cover, close the read/write head cover 
and secure the unit cover. 

If the tape is mounted on physical drive 1, set 
the logical switch (foldoui i 1-lC) for that drive 



to 1. Switch the handler switcli for physical 
drive 1 to MAN. Depress the RWD button for 
the correspondmg drive. The tape then nins 
backward until loadpoint is readied, and the 
LOAD PT indicator wiU light. Turn the handler 
switch to AUTO. This will cause the READY 
indicator to come on and finish the 1240 setup. 

HIGH-SPEED PRINTER 

Setup for the 1569 printer is accomplished by 
the following procedure. Ensure first that the 
proper carriage tape is mounted and that there is 
a sufficient paper supply. 

Push the POWER ON/OFF switcli. This 
should cause the indicator to light. Next press 
the READY/PAPER OUT which wiU cause the 
green READY indicator to come on. Depress the 
TOP OF FORM switch to advance the paper to 
the top of a new page. 

CARD READER-PUNCH-INTERPRETER 
UNIT 

The 1549 (CRPI) and the keyboard printer 
are both powered up from the controls on the 
CRPI (figure 11-15). Ensure that the printer 
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keyboard has a sufficient paper supply. If it does 
not, a new roll sliould be mounted. 

Push up on the POWER ON/OFF toggle 
switch; this should Ught the green DC ON 
indicator and (in this case) the amber HAN- 
DLER FAULT indicator. Set the KEYBOARD 
ON LINE/OFF LINE and the CARD PROC- 
ESSOR ON LINE/OFF LINE switches to OFF 
LINE. Press the CARD PROCESSOR ON/OFF 
to ON. This should light the CARD PROC- 
ESSOR ON indicator, and the RPl operation 
should be audible. The handler fault indicator 
should extinguish. 

Set the KEYBOARD PRINTER ON/OFF to 
ON. Set the PUNCH OVERRIDE switch to OFF 
Push the MASTER CLEAR/RPI CLEAR to 
MASTER. Set both ON LINE/OFF LINE 
switches to ON LINE. Reset the MASTER 
CLEAR/ RPI CLEAR to MASTER. This second 
depression of the clear switch should extinguish 
any fault indicators erroneously lighted. If one 
or more remain lit, retrace your steps or seek 
help from your supervisor. 

In about five seconds the track motor should 
shut down. 

Loading the Conversion Table 

Once you have successfully powered up the 
CkPI, a conversion table for read in must be 
loaded into the CRPI memory. The Hollerith 
Code and special character set to be used should 
be punched in a card and accessible for the 
operator. 

Place the conversion table card in the card 
hopper. Depress the CARD PROCESSOR ON 
LINE/OFF LINE switch to OFF LINE. Depress 
the RPI CLEAR/MASTER CLEAR switch to 
MASTER. ^ ^ 

Open the left-hand cabinet door under the 
stackers and you will see two buttons The top 
button is labeled PUNCH SWITCH, and the 
bottom one is labeled LOAD TABLE and 
MODE SWITCH. Push in and HOLD the load 
table and mode switch with the left hand, and 
with the right hand reach up and depress the 
FEED/FEED 1 to FEED 1. Release the load 
table and mode switch and depress the RPI 
CLEAR/MASTER CLEAR to MASTER. 

The conversion table should now be loaded 
into the 1549 memory. To ensure it loaded 



properly, place a blank card m the card hopper 
and depress and hold the two buttons load table 
and mode switch and PUNCH. With the right 
hand again depress the FEED 1. The card that 
punches out can be sight checked against the 
original card. If it does not compare correctly, 
reload the conversion table card. 

Once it is correctly loaded, close the cabinet 
door and reset the card processor to ON LINE. 
The CRPI is now completely ready foi 
operation. 

UNIVAC1218CPU 

In order to complete the system setup it is 
necessary to power up the CPU and accomplish 
a procedure called BOOTSTRAPPING. Before 
bootstrapping is discussed, it is necessary that 
the power panel for the 1218 be explained. 
Figure 11-16 shows the 1218 Power Control 
Panel. 

HOURS METER.- Cumulatively records the 
time that power is supplied to the computer. 
Range of meter is 0 to 999.99 hours and cannot 
be reset. 

COMPUTER POWER ON INDICATOR.- 
Lights whenever power is being supplied to the 
computer. 

COMPUTER POWER SWITCH. -Momentarily 
in the ON position, supplies power to the 
computer if blower power is on. 

BLOWER POWER SWITCH. -Momentarily in 
the ON position, supplies power to the blowers 
and entries computer power. In the OFF 
position extinguishes computer power. 

BLOWER POWER ON INDICATOR.-Lights 
whenever power is being supplied to the 
blowers. 

FAULT INDICATOR.-Lights whenever the 
computer detects an illegal function code of 
00,01 (FORMAT I or II) or 77 in the F register. 
It is extinguished by placing MASTER/CLEAR/ 
I/O/CLEAR switch to the MASTER CLEAR 
position, whether the computer is running or 
not. 
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Figure 1 1-16.-12 

MARGINA!. C'HIX K INDICATOR. Lights 
whenever Marginal Clieck Switch is at High or 
Low position. 

FAULT DIS( ONNr:(T7HORN SWITCH. - 
Placing this switch in the Disconnect position 
shuts OFF horn. In the Horn position, switch 
enables horn for all faults. 

OVKRTFMP INDKAIOR. Lights when 
computer is in an overteniperature condition. 
Computer should not be operated in this condi- 
tion. Overtemperature exists when temperature 
of computer interior exceeds I I5°F. 

INDICATL/OFF/INDICATL ShT. Indicate 
Set supplies power to lamps and allows data to 
be entered in lamps. (Lamps are the dual 
purpose pushbutton/ indicators.) 

Indicate Set supplies power to lamps only. 
Off does not supply power to lamps; no data can 
be entered. 

RUN INDICATOR. -Lights when the com- 
puter is in any mode of operation other than 
phase step. 

To power up the CPU the four switches on 
the power control panel should be set as 
follows: 

Computer Power ON, 
Blower Power -ON. 



12O.10O.2{49C)A 

power control panel. 

Disconnect/Horn -The setting of this switch is 
arbitrary and will vary with each activity. 
Indicate Set/Indicate Indicate set. 

Bootstrap 

Bootstrap is defined as: A technique or device 
designed to bring itself into a desired state by 
means of its own action, e.g., a machine routine 
(in this case hard wired into the CPU) whose 
first few instructions are sufficient to bring the 
rest of itself into the computer from an input 
device (MIT on logical drive I ). 

The operator has only to press the right 
controls on the CPU control panels to activate 
the hard wired program (bootstrap). To do this 
correctly on the 1218 the following procedure is 
recommended. 

On the lower riglit control panel (Hgure 
11-17) are live PROGRAM STOP and five 
PROGRAM SKIP toggle switches. Ensure that 
all ten of these are in the OFF position. 

On the bottom portion of the upper right 
control panel (figure 11-18) are some toggle 
switches and (in the second set of pushbutton/ 
indicators up, labeled MODE) one button la- 
beled LOAD that are involved in bootstrapping. 

Depress the SEQ STOP/STOP switch to 
STOP. Depress the I/O CLEAR/MASTER 
CLEAR to MASTER CLEAR. Push in on the 
LOAD pushbui. n/indicator. Depress the RE- 
START/START STEP switch to START STEP. 
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Figura 11-17.-1218 low«r right control pamt. 

When this has been completed, the utility 
programs from the MIT are loaded into memory. 
These programs (software) are the controUmg 
programs needed in memory to assist and make 
possible the correct execution of all other 
programs to be run on the system. 
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Once the bootstrap is compieted, the fo!- 
lowing type-out will occur on the keyboard 
printer: 

•EXEC 07* 
DATE? 

The operator will then type in the current 
four-position Julian date followed immediately 
with a commercial-at (@) sign (e.g., 4196@). 

JOBTO-JOB 

From this point on, the job-to-job transition 
is a matter of calling in the different programs 
from the MIT by use of the keyboard printer. 

There will be instruction sheets (procedures 
or runbooks) for each job. ThVse instructions 
will specify the input (card or tape) file names, 
what logical drive (if tape input) settings are 
required, keyboard printer type-outs and oper- 
ator responses required, and the type output to 
produce. 

PROCESSING WITH THE CONSOLE 

Tliough external to the central processing 
unit, the console is frequently referred to as a 
logical part of it. The computer console has four 
main functions. 



will be described. A small computer console is 
shown in figure 1 1-19. 

MONITORING OPERATIONS 

Through the lights and signals on the console 
the computer informs the operator as to its 
internal state. There are in general three types of 
messages issued by these lights and signals. The 
first explains computer stoppage during the 
course of processing the program; the second 
presents a visual display of the contents of the 
various registers and storage locations; the third 
presents the state of the electrical power ci^ 
cuits. Some consoles display all conditions via a 
typewritten message. When a computer stops or 
halts, one or several lights come on, indicating 
the cause or causes of the halt, a final stop, or 
stop instruction has been executed, or an errone- 
ous operation code in the instruction being 
processed, or an invalid address, or a check stop. 
Most consoles are constructed to display the 
contents of certain registers by means of rows of 
lights when the computer processing stops. For 
instance, there may be a set of neon lights to 
represent the contents of the instruction regis- 
ter, the accumulator, or of some storage loca- 
tion, and so on. The value of register/storage 



1. Type, or key-in data, special operating 
instructions, and inquiries for the program dur- 
ing the production run. 

2. Determine the contents of special registers 
and memory locations. 

3. Revise the memory location contents. 

4. Monitor the status of peripheral devices. 

In a data processing system, the console and 
the program are the communicative links be- 
tween the computer and the operator. The 
devices on the console provide the means to 
start and stop the computer, initiate computa- 
tions, to select and set the proper magnetic tape 
units, and to control other input-output devices; 
and they enable the operator to check computer 
voltage and current levels, power input, tempera- 
ture, and so on. There are wide variations in the 
consoles for different computers. In this section 
some of the features common to most consoles 
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Figurt 1M9.-IBM 2160 oontoto wHh printtr kayiiomL 
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content is represented by the lighted or un- 
Ughted lights. 

MANUAL CONTROL 

The buttons and switches on the console 
provide the only means that the computer 
operator has to control the machine, other than 
the program itself. In addition to the on-off- 
switch for the electrical power, there is a start 
button which initiates the computations. For 
example, the machine may automatically take as 
the first instruction the contents of address 
0000 when the start button is pushed. In 
addition, there is a stop button that causes 
computations to cease when pushed. There may 
also be a run button in addition to the start 
button, which is used to resume computations 
after a halt has occurred in the middle of a 
computation. The difference between the start 
and run button is that the run button tells the 
computer to continue to perform the instruction 
that it has in the instruction register, whereas 
the start button tells the computer to return to 
the first instruction in the program. 

Generally, computers can be operated in 
several modes. For example, by setting the 
proper switch a computer can be set to execute 
only a single instruction each time the run or 
start button is depressed. By successively de- 
pressing the run button in this way, a sequence 
of instructions can be "stepped through" slowly. 
This would be done if examination of several 
instructions and their results, as displayed on the 
console, were desired. The computer can be 
made to sequence itself through the program 
instructions at a considerably reduced speed by 
a different setting of the mode switch. The 
mode switch can be set to allow the computer to 
operate at full speed. On many consoles there is 
a phase selector switch which makes the com- 
puter proceed through a single phase for each 
depression of the run button. 

One of the most important uses of the 
operator's console is to enable the operator to 
insert data manually into particular storage 
locations. This may be done when it is necessary 
to correct one or two words in a long program 
that has ahready been entered into storage. To 
accomplish this, several methods are used. One 
method invoWes having one button associated 



with each bit position in the registers so that 
each bit may be displayed by lights on the 
console. The contents of the register may be 
changed by means of these buttons, once the 
computer has been halted. For each register that 
has a clear button, the contents of that register 
can be set to zeros, when the respective dear 
button has been pushed. Then Ts are inserted in 
the desired bit locations when the bit buttons of 
that register are depressed. In this case, the 
procedure for inserting a word into a particular 
storage location would be as follows: halt the 
computer; manually insert the desired word in 
the accumulator, insert an instruction in the 
instruction register that will transfer the con- 
tents of the accumulator into the desired storage 
location; set the mode switch for a single 
instruction, and push the run button. The 
inserted instruction will then be executed, and 
the word will be inserted into the specified 
address. 

Another method for inserting corrected data 
involves the use of an on-line typewriter, by 
which words and instructions are typed in the 
format prescribed for the pprticular system and 
introduced automatically into the computer. 

INQUIRY STATIONS 

Inquiry stations are the connecting links 
between remote operators and information 
stored in a centrally located computer. The 
computer can be queried by an operator on site, 
via operator's console, or by an operator at a 
remote point, via a console inquiry station. To 
use a hypothetical situation, assume that you are 
working at an issue counter in a naval supply 
depot that has a data processing system with 
remote console inquiry stations. As requisitions 
are brought to you to be filled, you may wish to 
know if your warehouse has a particular item in 
stock, and, if so, how many. To get this 
information without making a trip to the ware- 
house, all you have to do is type the part 
number or numbers on an on-line typewriter. 
This information is transmitted to the data 
processing center where a paper tape is punched 
and read into the computer. The computer then 
selects the proper storage files and transmits all 
information keyed to the part number or nunh 
bers back to the console inquiry station where 
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the message is typed out automatically. In this 
way, information is supplied in a matter of a few 
minutes, enabling fulflUment of requisitions to 
be expedited. 

DATA CONTROL CHECKS 

Data control checks consist of methods de- 
veloped to control the information flow into 
and out of a data processing system. These 
checks also give assurance that all information 
received was correctly included in the required 
output. These controls also include methods 
devised to establish an audit trail should an 
omission or duplication occur. Without an estab- 
lished audit trail, retracing an entire procedure 
may be necessary to locate an error. 

Every data processing application must have 
some form of data control checks. Because 
individual activities may require different con- 
trol checks, we will not go into a detailed 
discussion of them. The control and method 
used will be determined by the requirement of 
each activity; however, in all instances the 
following areas should be covered: 

Assurance that all input data are accurate. 
Arrangement of data in a form best suited for 

use by the computer. 
Assurance that all data are complete and not 

duplicated. 

Provide a means of auditing the steps of the 
procedure so that in the event of error or 
inconsistency the trouble may be located 
with mininmm lost time. 

SYSTEM CHECKS 

Systems checks are controls, within the con> 
puter system, designed to control the overall 
operation of a data processing procedure. Sys- 
tems checks ensure that all data required for 
processing are received and that all output data 
are complete and accurate. 

Controls may be included to ensure that all 
input records are for a current processing period 
and unrelated or incorrect records are excluded. 
Distribution of detail transactions to update 
master records, when distribution is made by 
coding, may also be verified by these checks. 



With each computer application, systems 
checks vaiy, as do the types of systems checks 
with each particular type of computing equip- 
ment. Particular attention should be paid to 
incorporating systems checks during the early 
stages of planning the application, because such 
controls can be fitted into the program more 
effectively at this time. In some cases the 
procedure must be modiHed to incorporate the 
most efficient controls; usually this is less costly 
than designing a procedure without the required 
controls. 

Procedures requiring strict accounting con- 
trols with provision for audit trails requires that 
the program for the application be designed to 
take full advantage of the data processing 
system's built-in reliability. 

In some systems, built-in checking features 
make detailed systems checks unnecessary, while 
data manipulation in the CPU of others is less 
stringently checked. 

In computer applications checking is a form 
of quality control. It follows that, when errors 
can be tolerated to a degree, systems checks may 
be used more sparingly. Some specific systems 
checks are discussed in the following paragraphs. 



Record Counts and Control Totals 

Record counts and control totals are estab- 
lished when the file is assembled or first cal- 
culated as the case may be. 

A record count is a total of the number of 
records contained in a file. A record count is 
established when the Hie is assembled, or in the 
case of magnetic tape, the count is established 
when the file is written. At the end of the file or 
reel the number of records is carried as a control 
total. Adjustments are made to the control total 
as records are added or deleted. A recount of the 
records is performed each time the file is 
processed and this count is compared or bal- 
anced against the original or adjusted total as the 
case may be. If the counts are in agreement, it is 
accepted as proof that all records have been run. 

Utilizing the record count as a control, it is 
very difflcult to determine the cause of an error 
if the counts are not in agreement. This is 
because the record count does not identify the 
missing record nor does it indicate which record 
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has been processed more than once. Therefore, 
the recoids must be checked against the source 
records, a duplicate file, or a listing containing 
all of the original records. 

On magnetic tape the record count that does 
not agree usually indicates a read error because 
once written on tape, a record is not usually 
misplaced or lost. 

Control totals are usually composed of ac- 
cumulated amounts or quantity fields in a group 
of records. When the file is originated or first 
calculated, either manually or by machine, the 
control totals are established or accumulated. 
The control can be on the level of a grand total, 
but would be more convenient on a major, 
intermediate, or more minor total. 

During processing the fields are again accumu- 
lated and the results are compared against the 
control total. If in agreement, they serve as 
proof that all records have been processed. 

An efficient checking system can be de- 
veloped using control totals when they are used 
to predetermine a calculation or update proce- 
dure. For example, in a payroll application, 
employees* total hours worked can be pre- 
established from clock or job-card records. This 
figure then becomes the control total for all 
subsequent reports. Totals may be broken down 
into different control groups, such as work 
centers and clock stations, but the sum of all 
totals must balance back to the complete origi- 
nal total. 

Normally control totals are established by 
batches, in convenient size, such as department, 
work center, and activity. By this method, each 
group may be balanced and/or corrective action 
taken as the records are processed. Errors are 
normally limited to small, easUy checked groups 
rather than to one grand total. 

Tape and Disk Labels 

Information recorded at the beginning and/or 
ending of a reel of magnetic tape are called the 
header label and the trailer label, respectively. 
They are used for proper file identification. The 
label may specify or identify the job total 
and/or number, the last processing date, reel 
number, and so on. 

While tapes may have both a header and a 
trailer label located physically before and after 



the data, disk labels can appear physically 
anywhere on the volume, as long as the user 
specifies where it is located. 

As an added control, to ensure that the 
proper records have been processed, the labels 
are read into storage at the beginning and/or end 
of a program. The labels may also be used to 
ensure a true end-of-file or end-of-Job and may 
also include a record count. 

Housekeeping Checks 

Every program of any value must contain a 
housekeeping routine. Tliis routine is normally 
established at the beginning, or first instructions, 
of every program and is intended to perform 
housekeeping functions prior to processing. 
These functions may include: setting program 
switches, moving constants, setting up print 
area, clearing • accumulators or registers, et 
cetera. Also systems checks may be performed 
by housekeeping instructions. These include 
testing to determine if all required input-output 
devices are attached to the systems and are 
ready for operation. Housekeeping instructions 
may calculate constant factors, file labels may 
be updated and checked, and other information 
pertinent to the proper operation of the system 
may, through programmed instructions, be 
brought to the attention of the operator. 

Checkpoints and Restart Procedures 

A programmed checking routine is performed 
at designated processing intervals or check- 
points. The purpose of this routine is to deter- 
mine if processing has been performed correctly 
up to a designated checkpoi: t. Once a check- 
point has been reached by the machine and 
processing up to that point has been performed 
correctly, the status of the machine is recorded, 
usually on magnetic tape (scratch). The normal 
processing procedure is then continued until the 
next checkpoint is reached. 

Checkpoint procedures are used to break up a 
long job into a series of small jobs. In this way 
each portion of the woric is run as an inde- 
pendent and separate part, and each part 
checked once completed. If processing to this 
point is correct, enough information is written 
out to make it possible to return automatically 
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to the last point where a check started. If not, 
the system restarts from the checkpoint at 
which the work is known to be correct, and the 
portion that was not performed correctly is 
discarded. 

A restart procedure: 

1. Restores the computer's storage to its 
status at the preceding checkpoint. This may 
include reloading the program itself, resetting 
switches and counters, restoring constants, and 
making adjustments to accumulated totals. 

2. Backs up an entire computer system to the 
specified point in the procedure, normally to a 
checkpoint. Card units and printers must be 
manually adjusted; tape files are rewound or 
backspaced automatically. 

The proper use of checkpoint and restart 
procedures contrihute«i to the. operating effi- 
ciency of a computer system. For example, 
many hours of machine time may be saved after 
a power failure or serious machine malfunction 
by simply rerunning a small part of the job (by 
reloading the data from the tape of the last good 
checkpoint and restarting the operation). 

Interruption of a job that requires immediate 
or emergency attention is provided through 
restart procedures. Thus, the operator may 
interrupt any procedure and replace it with 
another job if necessary. Restart provisions are 
also convenient at the end of a work period or 
shift, when the job must be terminated without 
loss of production time. 

MACHINE CHECKS 

Procedures used for machine checks have a 
twofold function: 

1. They accomplish useful work. 

2. They control quality and accuracy of 
work. 

Useful woric in a data processing procedure 
consists of sorting, collating, calculating, read- 
ing, and printing operations. Operations controls 
are necessary, to establish and maintain account- 
ing controls, calculation checks, and machine 
checks. These checking devices are used by the 
programmer at his own discretion. Basically, two 



types of checks may be written: first, checks on 
the validity of data handled by the input-output 
devices, and second, checks on the data handled 
within the computer. These include checking for 
arithmetic overflows, valid signs of numeric 
quantities, legitimate instruction codes, and 
other check indicators. 

The programmer may insert into the program 
special branch or transfer instructions designed 
to handle certain types of errors as exceptions. 
These instructions prevent unnecessary inter- 
ruptions of computer operations (halts) upon 
detection of an error. For example, he may 
program the machine to backspace the tape and 
reread the record upon an indication of an error 
during the reading of a record from tape. At this 
point if the record is read correctly, normal 
operations are continued. If not, operations can 
be interrupted, or the incorrect record can be 
noted and operations continued. In all systems, 
however, the interrogations and interruptions of 
a data processing system are under the control 
of the programmer. 

All processing is halted immediately under 
some machme check indicators. These indicators 
include conditions such as: blown fuses, air or 
humidity conditions beyond the prescribed 
limits, broken magnetic tapes, or card jams. All 
these cases must be brought to the operator's 
attention immediately and, therefore, cause the 
system to halt. 



Summary 

Most of these checks are either programmer 
or operator choices. If the programmer chooses 
to implement any of the check procedures in his 
programs, he will include the necessary instruc- 
tions in his program and ensure correct docu- 
mentation is available in the run book. If the 
program is correctly documented, the operator 
can ensure the proper controls are set (if 
required) prior to running the job. 

On the other hand, the operator may find 
certain precautions are required due to system 
or power pecuUarities and implement certain 
checks as standard practice. These checks should 
also be recorded in the run book by the operator 
so that other operators will be able to success- 
fully complete jobs. 



306 



ERIC 



B. 1240 POWER CONTROI UNIT 





120.100.1(490 



BtStCOWAVMUBLt 

B 




I FORMS TRACTORS, MODELS 1.2.4.5.6,7 



PRINT-UNIT RELEASF LEVER 




PRINT -TIMING DIAL SETTING 
CHART 



C. PRINT-UNIT RELEASE LEVER (ALL MOOEuS)ANO PRINT- 
TIMING MODELS 1.2^,5,6.7 





H. RIBBON MECHANISM 




0. FRONT OF PRINTER (COVER RAISED) 



8. OPERATING KEYS AND LIGHTS. MODELS I THROUGH 7 




A. 1403 PRINTER 



48.166 

Foldout 11>2.~IBM Printer Mo 



ERIC 






F. CARRIAGE CONTROL 




G. INDICATOR PANEL 



E. MANUAL CONTROL. MODELS 1.2,4.5,6.7 



BEST COPY AVWLABLE 



49.166(490) 
I1-2.-I6M PHnttr Model 2. 




CHAPTER 12 

STORAGE CONCEPTS 



Electronic data processing was made possible, 
in a large way, by the realization that a two-state 
(on or off-present or not present) condition of 
material or a similar condition in a device could 
be grouped together and interpreted (converted) 
into readable letters and numerals. Eventually 
the tube type storage (on/off) gave way to the 
electrically sensed magnetic (present/not 
present) type of storage. 

Today's modem fast memory and input/ 
output (magnetic tape, drum and disk) storage 
uses this two^tate magnetic principle. This 
means that presence or nonpresence of a mag- 
netic state is sensed for reading and induced for 
writing. 

Most data processing is performed on numen- 
cal data, and even alphabetical data are recorded 
in a numerical code. These coded data within 
storage are represented by a varying method of 
grouping (for entry and printout) a few of the 
numerous positions of a large string of mag- 
netizable elements. This breakup or grouping 
makes it possible for faster display or entering of 
data to storage. , , ^ ^ . 

These elements of storage capable of having 
two magnetic states are called CORES. The 
two-state representation is expressed as 
BINARY. 

NUMBER SYSTEMS 

The binary system is a number system as is 
DECIMAL. We use the decimal system everyday 
and express values which are readily understood 
and easy to use. Each position of a written 
number can have ten different symbols ap- 
pearing in it (0. 1, 2, 3, 4, 5, 6, 7, 8, or 9). This 
is no* possible in one element (core position) of 
storage. Therefore, the decimal system must be 
broken down (converted) to allow it to be used 
in storage. By the same token, it is important 



that we understand how a number system is 
constructed so that we have an idea of how our 
decimal number appears in storage. 

UNIT.-A single object or thing. 

NUMBER.-An arbitrary symbol or group of 
symbols. 

RADIX OR B ASE.-The number of symbols a 
number system possesses, including the zero. 

QUANTITY. -A number of units (implies 
both a unit and a number). 

MODULUS.-The total number of different 
numbers or stable conditions that a counting 
device can indicate. For example, the odometer 
on most automobiles has a modulus of 100,000 
since it indicates all numbers from 00,000 to 
99,999. The modulus of the hour hand on most 
watches is 1 2, and that of the minute hand is 60. 

All numbering systems can be interpreted 
(converted back to decimal) throu^ POSI- 
TIONAL VALUE. This means that each single 
number (symbol) has a known quantity ac- 
cording to where it appears in the whole number 
multiplied by that position's value. For example, 
(in the decimal system) the number 7 in the 
• number 1 ,754 is representative of the value 700 
because 7 times that position's value (100) is 
700. This same method applies to all number 
systems, and once the positional value is deter- 
mined, a number from any number system can 
be easily converted to decimal (or from decimal 
to another system). 

THE DECIMAL SYSTEM 

The decimal system is most common. Usually, 
the only problem encountered in determining 
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the expressed quantity is where the comma 
appears. 

If there is a quantity to be counted, the units 
involved are usually counted by one's. These 
one*s are accumulated by advancing through the 
symbols for one position until exhausted. A 
CARRY then occurs to the next position to the 
left. The symbol in this carry position represenls 
the number of iimes the radix or base has been 
PASSED in the position to its right. For 
example, the 1 in the TENS position of the 
numbers 10 through 19 indicates that the ten 
symbols in the UNITS position (far right) plus 
one have been utilized (0,1,2,3,4,5,6,7,8,9 PLUS 
1 10). This holds true for each position to the 
left of the position that is advancing through the 
radbc. Thus, in the base of ten, the positional 
value of each position is representative of ten 
times more than the position to its right. 

The positional value for the units position of 
all number systems is one (1). The values to the 
left of the units position are arrived at by 
multiplications of the radix or base. The follow- 
ing example shows some of the positional values 
for base ten (decimal). 



♦^tc. 



10000 



1000 



100 



10 



1 



Broken down by positional values, the num- 
ber 7346 can be looked upon as meaning: 



6 X 
4 X 
3 X 

7 X 



1 

10 
100 
1000 



6 
40 
300 
7000 
7346 



Although the decimal system is familiar to all 
of us and is not really too difficult to manipu- 
late arithmetically, there are some decided dis- 
advantages to its use in performing calculating 
operations. Because ten different digits are 
required to express all possible numbers, a gear 
or shaft used to express numbers must be able to 
stop in ten different degrees of rotation. No 
method has yet been developed whereby any 
processing means can have ten different and 
discrete stopping positions and still operate at 
any appreciable rate of speed. 



Anotiier disadvantage of the decimal system is 
the need for a relatively extensive table for 
additions and multiplications. Tliere are 100 
entries in each table, counting, for instance, 4 X 
6 and 6 X 4 as two entries. Although most of us 
arc adept in the use of the tables, this ability has 
been acquired largely througli repeated drills and 
applications in addition and multiplication 
tables during our years in school until the tables 
have become second nature to us. 

THE BINARY NUMBER SYSTEM 

In searching Cor a means of performing 
computations rapidly, scientists discovered fer- 
rous materials could be magnetized or de- 
magnetized at high rates of speed. Such devices 
as these have only two stable states; magnetized 
or demagnetized, positive or negative, ON or 
OFF, or as they are more commonly called, BIT 
or NO BIT. Thus, by assigning a value to each of 
these two states, 0 for NO BIT and 1 for BIT, a 
number system was developed with a base of 2 
rather than 10. This is known as the BINARY 
NUMBER SYSTEM. Such a system, used in all 
electronic data processing systems, has two 
definite advantages over the decimal system; it 
affords simplicity in processing data since only 
two digits are required, and it enables electronic 
devices to process data at fantastic speeds. 

As the base of the binary system is two rather 
than ten, two things are immediately evident. 
There are only two symbols (0 and 1), and the 
positional values are found by starting with a 
value of one in the units position and the rest by 
multiplications of two. The following example 
shows some of the positional value of base two. 



••-etc. 



128 



64 



32 



16 



8 



1 



Computers use a set number of magnetic 
cores as one storage position. Each of these sets 
(words) holds one element of data. Therefore, 
each word can be thought of as a binary word. 
That is, each core of the word is one binary 
position, and all the positions in one word 
represent one value. 

If a word is 12 binary positions (bits) in 
length, the positional values would be (from left 
to right) 2048. 1 024, 512, 256, 1 28, 64. 32. 16. 
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8, 4, 2 and 1. The total decimal value that could 
be contained in this word is 4,095. This is one 
less than the next binary positional value to the 
left (which holds true for all positional values of 
all number systems). 

If an input card contains the Hollerith coded 
decimal value of 952, it would appear in a 1 2-bit 
position word as 

001110111000 

The positional values of the binary word con- 
taining a bit (1) can be added together, and the 
sum will equal decimal 952. 

The original conversion of decimal 952 to 
binary was accomplished by subtraction. 952 
was less than the binary positional value of 1024 
but greater than the positional value of 512, 
therefore, a bit is placed in the 5 1 2 position. By 
subtracting 512 from the original 952 a value of 
440 still has to be represented and is determined 



952 




-512 


(=1) 


440 




-256 


(=1) 


184 




-128 


(=1) 


56 




- 32 


(=1) 


24 




- 16 


(=1) 


8 




- 8 


(=1) 


0 





All decimal values can be converted to a 
binary representation in the same manner. 

Binary Addition 

Binary addition is really quite simple once the 
rules are learned, because there are so few 
possibilities. The complete binary addition table 
is as follows: 

0 + 0 » 0 
0+1 = 1 
1+0*1 

1 -i- r » 0 with a 1 carried 



The following example illustrates the prin- 
ciple of binary addition: 



011000111100 
+010100101001 
=001100010101 
+1 1 1 
•101101000101 

+ 1 

=101101100101 



(Carry) 
(Carry) 



Binary Subtraction 



The table for binary subtraction is not much 
more complicated than that for addition. The 
complete binary subtraction table is as follows: 

0- 0 = 0 

1- 1=0 
1-0=1 

0-1 = 1 with 1 borrowed from the next digit 

Binary subtraction is illustrated in the fol- 
lowing example: 



011000111100 
-QlOlOOlOlOOl 
=001100010101 
- 1 1 
=000100010111 

- L_ 

=000100010011 



(borrowed) 
(borrowed) 



THE OCTAL NUMBER SYSTEM 

One of the m?jor reasons that number sys- 
tems are required knowledge for Data Processors 
is for reading CORE DUMPS. Core dumps are 
printouts of what is actually in memory. This is 
an extremely useful tool for programmers in 
determining what went wrong with a program. 
The printout shows what data was in the com- 
puter. This includes data from the input area, 
counters, registers, output areas, etc. 

As this core dump actually depicts the data in 
core, it seems reasonable that it would consist of 
pages of I's and O's. Because this would be 
extremely difficult to read and tremendously 
lengthy, a method was devised to print one value 
for every so many binary positions. This code or 
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breakup of a binaiy word brought about use of 
the octal number system. 

The octal number system is base eight, mean- 
ing there are eight symbols (0-7) for each 
position. This is the minimum and maximum 
value for the first three positions of a binaiy 
word (4,2,1). The following are the possible 
combinations: 



BASE TWO 

000 
001 
010 

Ot« 

101 
110 
111 



BASE EIGHT 

0 
1 
2 
3 
4 
5 
6 
7 



could convert it back to base two and obtain the 
decimal value, but the octal system is a number 
system itself. It has positional values and can be 
converted directly to decimal. 

The positional values are determined in the 
same manner as base two and base 'ten. Start 
with a positional value of 1 in the units position 
and multiply by the base eight for the other 
positional values. The following example shows 
some of the positional values for base eisht 
(octal). 



^tc. 32768 4096 



512 



64 



iTT 



Broken down by positional values, the octal 
number 35 1 is converted to a decimal number as 
follows: 



Therefore, if each 12 position binary word is 
split into four groups of three binary positions 
(each group has v*s positions assigned the posi- 
tional values 4, 2 and 1), four octal numbers can 
represent 12 binaiy positions. Figure 12-1 
depicts one 124>it binary word and its equiv- 
alent octal value. 

Once the octal core dump has printed out, it 
is necessary to further convert it to a meaningful 
decimal value. The programmer (or operator) 



1 X 1 « 1 
5 X 8 = 40 
3 X 64 * 192 
233 

Consequently, 351 (base 8) equals 
000011101001 (base 2) equal 233 (base 10), as 
is shown in figure 12-1. The highest value that 
may be expressed in one position of octal is 7. 
(In binaiy it is 1 and in decimal it is 9.) 



2 


1 
























0 


0 


5 


2 


i 


















4 
8 


2 
4 


1 

2 


5 
6 


2 
8 


6 
4 


3 
2 


1 
6 


8 


4 


2 


1 


BASE 2 

POSITIONAL VALUES 


4 


2 


1 


4 


2 


1 


4 


2 


1 


4 


2 


1 


CONVERSION VALUES 


0 


0 
T- 

0 


0 


0 


i 
3 


1 


1 


0 

1 

5 


1 


0 


0 
"T- 

1 


1 


BINARY («233 DECIMAL) 

OCTAL VALUE 
AND PRINTOUT 



48.420 

Figura 12-1.-«liiiry grouping to odA 
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Octal Addition 

Octal addition is performed in the same 
manner as addition in any number system. The 
units positions are added to produce a sum. If 
this sum exceeds the highest symbol for the 
base, a carry occurs and is added to the next 
position to the left. This process continues with 
each position until the flnal sum has been found. 

As 7 is the hi^est symbol in octal, when we 
add 6 and 2 in octal, we count 6, 7, 0 with a 
cany. In octal, therefore, 6 plus 2 equals 10, 
which is not TEN but rather one, zero, base 
eight. Examples of octal addition are as follows: 



146 
423 
571 



34 
62 
77 
215 



7210 
570 
10000 



It can be seen from these examples that if 
only the written totals were available, one would 
not know the value represented. That is, the 
written numbers 571 and 215 by themselves do 
not indicate a bise. They could be base ten or 
base eight (or any base larger than base eight). 
The written number 10000 could be base ten, 
eight or two. 

A method of identifying the base is called 
SUBSCRIPTING. A subscript is a number 
appearing to the immediate right (and slightly 
lower) of the units position. This identifies the 
base in which the number is written. The 
subscript is NOT part of the value. The fol- 
lowing examples illustrate subscripting. 

IOOOO2 (indicates base two) = 16,o 
lOOOOs (indicates base eight) = 4096io 
lOOOOio (indicates base ten) = 10000 10 

By using subscripting it is possible to recog- 
nize the number system and convert it to a base 
useful to you. Numbers in different bases can be 
indicated and arithmetic functions performed 
with the resuUant sum, product, quotient or 
whatever answer written in a chosen base. For 
example: 

17238 « 17238 = IIIIOIOOII2 « 979io 
+ 47710 = 7358 OR » IIIOIIIOI2 OR = 477io 
+IOIOI2 = 258 ' ^0*0*2 ' 21 10 



27058 



IOIIIOOOIOI2 



147710 
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Octal Subtraction 

Subtraction of octal numbers follow the same 
standard rules as decimal subtraction. The num- 
ber to be subtracted from is called the minuend. 
The number to be subtracted is the subtrahend. 
Subtraction is finding the difference between 
two numbers. If, when subtracting one position 
of a set of numbers, the minuend is smaller than 
the subtrahend, a BORROW must occur. When 
borrowing, the base of the number is taken from 
the next position to the left (providing it has a 
value greater than zero). The position borrowed 
from is reduced by one. The following examples 
illustrate octal subtraction: 



REDUCED BORROWED REDUCED BORROWED 
1 / 0 4 



AJCED BORROV 



3 
7 



1 

3 



PROOF 



1012 
+ 672 
1704 



436 
♦ 73 
531 



Remember that the borrowed value in octal is 
eight, which is decimally added to the number in 
the position of the minuend requiring a borrow. 
The subtraction is actually done in decimal with 
the exception of the amount borrowed. 

THE HEXADECIMAL NUMBER SYSTEM 

The hexadecimal number system is base six- 
teen. This is most widely associated v/ith the 
IBM 360 computer system. 

Hexadecimal is used with computers because 
it is a multiple of the base two as is octal This 
means that a grouping of the cores (bits) can be 
utilized to produce a printout (core dump). For 
hexadecimal each group consists of four binary 
positions rather than three, as with octal. 

Each group of four bits retains the values of 
binary (8,4,2,1). This means the total quantity 
that can be represented is tlfteen (8+4+2+1). As 
base sixteen means there are sixteen symbols, 
one new element requires introduction. 
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A single printable character for each four bits 
and the value they can hold requires 16 single 
characters. In HEX (hexadecimal) the ten 
symbols of the decimal system are used as the 
first ten symbok (0 through 9). After the nine 
any single printable symbols could have been 
utilized to represent the values 10 through 15. 
The first six characters of the alphabet were 
chosen for these representations. Therefore, if 
an A appears in a core dump, it equates to a 
decimal value of 10, B equals 11, C equals 12, 
etc. Figure 12-2 shows some of the counting 
structure of base 16 and its equivalent m other 
bases. 

By utilizing a 12-bit word it is possible to see 
the relationship between the bases. If a Hollerith 
coded card with a field punched with 2S03 were 
read and entered into storage, it would appear as 



follows (with the two groupings for core dumps 
indicated): 



OCTAL 

BINARY 

HEX 



1, 1^ 1^ 1 

1 0 0 11 jl 1 Id 0 }0 ll 1 1 



With the use of positional values any or all of 
the preceding illustrated numbers can be con- 
verted to their decimal equivalents as follows: 



OCTAL 

512 

X 4 

2048 



64 

X 7 
448 



8 1 

XO X7 
0 7 = 2503 



BINARY 



HEX 


BINARY 


BINARY 


OCTAL 


decimal! 




(FOR HEX) 


( FOR OCTAL) 




0 


0000 


000 


0 


0 


1 


0001 


001 


1 


1 


Z 


0010 


010 


2 


2 


3 


0011 


on 


3 


3 


4 


01 00 


100 


4 


4 


5 


OlOl 


101 


5 


5 


6 


01 10 


MO 


6 


6 


7 


01 1 J 


1 M 


7 


7 


a 


1000 


001 000 


10 


8 


9 


1001 


001 001 


1 1 


9 


A 


1010 


001 010 


12 


10 


B 


101 1 


001 01 1 


13 


1 1 


C 


1 100 


ool too 


14 


12 


0 


1 101 


001 101 


15 


13 


E 


1 no 


001 1 10 


16 


14 


F 


III 1 


001 III 


17 


15 


10 


OOOl 0000 


010000 


20 


16 


1 1 


0001 000a 


OlOOOl 


21 


17 


12 


OOOl OOlO 


OlOOlO 


22 


18 


13 


0001 0011 


010 on 


23 


19 


14 


OOOl 0100 


010 100 


24 


20 


15 


OOOl 0101 


010 101 


25 


21 


16 


OOOl Olio 


0101 10 


26 


22 


17 


OOOl on 1 


OlO 1 1 1 


27 


23 


16 


OOOl 1000 


on 000 


30 


24 


19 


0001 1001 


on 001 


31 


25 


lA 


OOOl lOlO 


on 010 


32 


26 


18 


OOOl lOII 


0 II 01 1 


33 


27 


IC 


OOOl 1100 


on 100 


34 


28 


ID 


OOOl IIOI 


on 101 


35 


29 


IE 


OOOl II 10 


on no 


36 


30 


IF 


OOOl nil 


on III 


37 


31 


20 


0010 0000 


100000 


40 


32 



Figure 12-2.-Con^»raiiva counting table. 



49.421 



2048 + 256 + 128 + 64 + 4 + 2 + 1 = 2503 
HEX 



256 

X 9 

2304 



Hex Addition 




1 

2<I 
7 = 2503 



To add numbers in hexadecimal it is simplest 
to mentally convert the alphabetic symbols to 
decimal quantities and remember to carry after 
exceeding F (15). 



CARRY 
3 (15) 



9A3F 
+21B3 
BBF2 



9 

2 



(10) 
1 



Ilil 



(11) (11) (15) 



Hex Subtraction 

Subtraction of hexadecimal numbers can be 
accomplished with the same simple procedure. 
Remember when bonowing, borrow the base. 
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REDUCED BORROWED 



9A3F 
-21B3 
788C 




POWERS OF A BASE 

A mathematical way of expressing or indi- 
cating which multiple (power) of a number you 
are woricing with is by use of power indication. 
An example would be 2 *o the 4th power. This 
means that 2 (the base) is used as a multiplier 
four times w ith the beginning multiplicand be- 
ing 1. 

2^ = 1 

2 

X 2 
4 

X J 
8 

>L1 
16 

Note the position of power indicator. In an 
equation if the power were unknown (and had 
to be solved), it would be indicated as a lower 
ca% letter n (16"). 

All bases to the zero power are equal to one. 

A relationship of powers and bases can be 
seen as follows: 

2« = 4096io 8* = 4096io 16^ = 4096io 



COMPUTER ARITHMETIC METHODS 

Computers are designed to utilize complicated 
formulas at a high rate of speed. The length of 
time required for a man to utilize these formulas 
would be prohibitive. To utilize these formulas 
effectively the computer must be capable of 
performing addition, subtraction, multiplication, 
and division as all formulas may be broken down 
into these four arithmetic functions. Multiplied* 
tion and division may be broken down still 
further in that multiplication is merely a series 



of additions, and division is merely a series of 
subtractions. Therefore, the computer need only 
be designed to add and subtract. Designing a 
computer which will add and subtract is not 
economical, so most computers have the ability 
to add or subtract, but not both. A computer 
which is capable of addition only is referred to 
as an additive machine. One which performs 
subtractions is a subtractive machine. 

Additive machines perform all four arithmetic 
functions by adding. Addition is performed in a 
straightforward manner, that is, just as is nor- 
mally done with paper and pencil. Subtraction, 
however, must be performed in an additive 
manner. 

Subtractive machines perform the four 
arithmetic functions exactly as an additive ma- 
chine, except that subtraction is carried out in 
the usual manner, and addition is accomplished 
by complementing the addend and subtracting. 

Radix-MinusOne Complement 

It is not necessary that you understand fully 
how arithmetic functions are performed by the 
two methods. It is, however, necessary that 
complementation be understood to a degree. 

Radix-minus-one complementation is a com- 
plement (number) obtained by subtracting each 
digit of a number (of a certain base) from one 
less than its radix. This means to find the 
complement of a number simply subtract each 
digit of a given number from the base's highest 
symbol (radix-minus-one). For binary subtract 
from one. For octal, subtract from seven. For 
hexadecimal subtract from F. For decimal sub- 
tract from nine. 

When input is read and delivered to storage, 
software performs many functions. One of the 
functions is to convert the input code (e.g., 
Hollerith) to binary ones and zeros. 

If a card input field is numeric and contains a 
negative number (predesignated overpunch in 
the field), it is not only converted to base two 
but also complemented. This means that if a 
core dump is requested and a negative 1 1 had 
been read from a card, it would print out as 
7764 (for an octal dump). So when reading the 
core dump, you should be able to determine 
that 7764 (base 8) is not an error in storage but 
rather a negative number. 
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Let's follow this and see how it happens. If 
the field containing 11 (base 10) had entered 
storage as a positive number, it would have 
appeared as follows: 

000000001011 

which, if dumped in octal, would have printed as 
0013. However, on readin it was determined to 
be negative and was complemented. In binary, 
complementation is accomplished by making the 
zeros ones and the ones zeros (sometimes called 
flip-flop). This means it would have appeared in 
storage as: 

111111110100 

which, when dumped in octal, is 7764. 

Rather than converting the octal to base two 
and recomplementing to And the decimal value 
from a core dump, complementation with base 
eight can be performed. 

77778 highest symbol base 8 

core dump -7764r 

138 = llio 

As can be seen in the preceding example the 
complementing factor for base 8 is a 7. In octal 
ooie dumps, negative numeric quantities can 
usually be spotted by the high order 7's. 

In a computer providing a hexadecimal core 
dump the same binary structure would have 
been present for a negative 11 readin. The 
difference would appear in the core dump print- 
out It would have occurred as follows: 

In the card IJ (J being 

a 1 and 1 1 
overpunch) 

In binary (complemented) 1 1 1 1 1 1 1 1 0 1 00 
HEX core dump FF4 



In a HEX core dump, negative numbers are 
usually identified by high order F's. If FF4 were 



printed out, it could be complemented to its 
true value as follows: 

FFF highest symbol base 16 
core dump "FF4 

Bi6 * llio 

End-Around-Carry 

Complements are also used by the computer 
for some arithmetic functions. Because comple- 
mentation is required to perform some of the 
arithmetic functions, and end-around-carry must 
be provided. End-around-carry can be thought 
of as a machine function which happens auto- 
matically. In some computers it is accomplished 
by software and in others by hard wiring. 

End-around-carry is a process of taking a 
carry bit from an imaginary high order position 
and adding it to the low order position of a 
counter. This is done before the result of the 
arithmetic function is delivered to storage. 
Therefore, a core dump of the resuL will appear 
as previously described. Without end-around- 
carry the core dump and the report printout 
woi^d be erroneous. 

Figure 12-3 shows how end-around-carry is 
performed in an additive machine for sub- 
traction of two positive numbers. 

COMPUTER CODING SYSTEMS 

As has previously been explained, numeric 
dzti can be held, manipulated and printed from 
storage. Alphabetic information must also be 
entered into storage. In the Hollerith code for 
punched cards it is possible to indicate alpha- 
numeric data (alphabetic, numeric and special 
diaracters). This data must also be converted to 
a binary code for use by the computer. 

In order to distinguish numeric from alpha- 
betic and spedal characters in storage there must 
be a coding structure used. The previous ex- 
amples using 1 2 bits are typical of counters or 
registers in a computer that usually are only for 
arithmetic functions. A coding structure for 
storage of data doesn't require the 12 bits used 
in the register examples. 

The method used for symbolizing data is 
known as a code or a system. In computers, the 
code relates data to a fixed number of binary 
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IN THE CARD 

FIELD A FIELD B 

12 04 

IN STORAGE FROM READIN 

FIELD A FIELD B 

000000001 100 000000000 100 

INSTRUCTION 

SUBTRACT FIELD B FROM FIELD A 

THIS CAUSES FIELD 6 FROM STORAGE TO BE COMPLEMENTED 
BEFORE THE ARITHMETIC PROCESS IS PERFORMED. 

IN THE ARITHMETIC SECTION 

EXTRA CARR^ ^'NORMAL CARRIES 

([tfl 1 1 I 1 1 
FIELO A/ 00000000 1 100 

FIELO a|4. 11 M nil I0II. »4THIS IS ADDED TO FIELD A 
\ 0000000001 1 1 FOR SUBTRACTION BECAUSE 
N ^..,..^--*"!- I IT IS AN ADDITIVE MACHINE) 
000000001000 

0 0 I Os CORE DUMP («8|o) 



48422 

Figura 12>3.-Eiid<«raundHany. 



positions. By proper arrangement of the binary 
notations (bit and not bit) and with ea^ 
poiitioiial notation having a specific value, each 
character can be represented by a combination 
of bits which is different from any other 
combination. 

Periiaps the most popular coding scheme for 
data representation is binary coded decimal, or 
8^2-1 scheme. Note that the decimal digits 0 
throu^ 9 are expressed by four binary digits 
(Gg. 12-4). 

The system of expressing or coding decimal 
digits in an equivalent binary value is known as 
binary coded decimal (BCD). For example, the 
decimal value 3246 would appear in BCD form 
as shown in figute 1 2-5 . 

SIX-BIT ALPHAMERIC CODE (BCD) 

The six-bit alphameric code is just an exten- 
sion of BCD. Instead of using just the 8-4-2-1 



scheme, this code uses six positions of binary 
notation (plus a parity bit position) to repre- 
sent aU characters (alphabetic and numeric), as 



PLACE VALUE 


DECIMAL 
VALUE 


0 


4 


2 


1 








0 


0 








1 


1 






1 


0 


Z 






1 


1 






1 


0 


0 






1 


0 


1 






1 


1 


0 






1 


1 


1 




1 


0 


0 


0 




1 


0 


0 


1 





49.188 

FiguM 12'4.-Bliiiry eodid dadmil. 
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3 


2 


4 6 


DECIMAL DIGITS 


0011 


0010 


0100 Olio 


BINARY VALUE 


B42I 


8421 


8421 8421 


PLACE VALUE 



49J77 



Figura 12-6.-3246 in biiwry coded dMimal. 



opposed to only numeric characters. These posi- 
tions are divided into three groups, as shown in 
figure 12-6. 

There are four positions for representing 
numeric data, assigned the decimal values of 8, 
4, 2, and 1 ; two positions, called B and A zone 
bits, for denoting zones; and one position, called 
the C or CHECK position, for checking the 
validity of codes. There is a close parallel 
between the binary coded decimal system used 
in computing devices and the Hollerith code 
used to represent data in punched cards. That is, 
numeric values 0 through 9 are represented by a 
numeric bit or combination of numeric bits; the 
12 zone is represented by B and A bits; the 1 1 
zone by a B bit; and the zero zone by an A bit. 
Thus, through the various combinations of zone 
and numeric bits, any numeric, alphabetic char- 
acter, or special character can be represented. 

The purpose of the C position, or CHECK bit, 
is to proWde the computer with an internal 
means for checking the validity of code con- 
struction. That is, the total number of bits in a 
character, including the check bit, must always 
be even or always odd, depending upon the 
particular system or device used. Therefore, the 
binary coded decimal system is said to be either 



an EVEN or ODD parity code, and the test for 
bit count is called a PARITY CHECK. 

The check bit is automatically added to each 
input character that requires an extra bit to 
bring it into consonance with the total-bit 
requirement. Check bits remain with their par- 
ticular character throughout all data manip- 
ulation within the processing unit, providing a 
system for checking the validity of each charac- 
ter each time it is iised. 

While the failure of a character to pass the 
parity check always indicates an error, successful 
passing does not in itself certify that a character 
actually represents what was intended. That is, 
the accidental dropping of one bit constitutes an 
invalid code, but the dropping of two bits could 
result in the representation of some other valid 
code. However, dropping of two bits in one 
character occurs so seldom it is not of particular 
concern. 

Figure 1 2-7 represents a typical binary coded 
decimal chart, arranged in ascending sequence. 
This particular scheme represents character 
coding in a system based on an odd p^ty 
check. The same coding arrangement could be 
used in systems having an even parity check by 
simply changing the check bit from characters 
with an even number of bits to those with an 
odd bit construction. 



EXCESS>THR£E CODE (X-S3) 

The excess-three binary coded decimal is a 
variation of the 8-4-2-1 scheme. It is so called 
because the binary equivalent of decimal 
3(0011) is added to the binary value of each 
decimal digit in the 8-4-2-1 code. For example, 
the value of decimal 6 in 8-4-2-1, which is 01 10, 
is increased by 001 1 to get 1 001, as follows: 

DECIMAL BINARY CODED 
DIGIT DECIMAL 



CHECK 
BIT 


ZONE BITS 


NUMERIC BITS 


C 


B J A 


• 1 « 1 2 1 > 



2 

9 



0110 

0011 
1001 



(Excess-three) 



Figure 12-6.-Six bit atphameric coda. 



Thus, the bit conflguration of an excess-three 
binary coded decimal digit is three in excess of 
its 8-4-2-1 counterpart. 
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AS 




CARD 

CODE 


8CD CODE 


KINTS 
AS 


DEFINED CHARACTER 


CAM) 
C00€ 


KD CODI 




HANK 




C 


G 


G 


12.7 


BA 491 


• 


• 


1231 


8A8 21 


N 


H 


12-1 


BAI 




□ 


12-48 


C8A84 


1 


1 


12-9 


CBAI 1 




( Uff Por«nth«iii (S|>*c1cil Clioroct«r) 


12*5-9 


8A84 1 


~ 


i (Minus Ztfo) 


114) 


BIS 




< Um Thou (Sp«c}ftl Choroctcr) 


1 2*6.1 


8A842 


J 


J 


1M 


CB 1 




4i CfOv# Mork 


12-7.8 


C8A8421 


K 


K 


n.2 


CB S 


4 




12 


C8A 


I 


I 


11-3 


B 21 


1 


$ 


114-8 


C8 8 21 


M 


M 


11-4 


CB 4 






11-4-8 


8 84 


N 


N 


11-5 


B 4 1 




) Right Par«nth«>2t (Spcclol Chor.) 


11«5*8 


C8 84 1 


O 


0 


114 


B 41 






11-6-8 


C8 842 


P 




11>7 


CB 4S1 




A Mto (Mod« Choag*) 


11-7-8 


8 8421 


Q 


Q 


11-t 


CB 1 






11 


8 


R 


R 


11-9 


B 1 1 


/ 


/ 


0-1 


C A 1 


+ 


^ R«cordMark 




At S 


f 


• 


0*3-8 


C A8 21 


S 


S 


o-a 
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% 


% 
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T 


T 
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A SI 
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Y 
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1 


1 
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C 8421 


2 


2 


2 


s 


— 
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3 


3 


i 
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5 
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12-3 
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4 


i 


« 


C 4S 
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7 
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E 


12-5 
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1 
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12-4 
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9 


9 


C • 1 



7&1QX 

Figure 12-7.-Binary coded decimal diart 



EXTENDED BINARY CODED DECIMAL IN- 
TERCHANGE CODE (EBCDIC) 

Figure 12-^ depicts the EBCDIC coding struc- 
ture. The three groups illustrate the entire 
EBCDIC coding system. The first column of 
each group lists the HEX (core dump) symbols 
that would print out (OOFF). In the third 
column of each group is the graphic. A graphic is 
what would print out on a report. At this time, 



what appears under the BCDIC part of this 
column is not important, only what appears 
under EDBDIC. 

The fourth column of each group explains the 
punches that would be required in a card to 
enter the correct bfaiaiy code for the graphic. 
The last column of each group shows the bit 
structure that would appear in storage. 

For this code eight bits are required for each 
graphic. This gives us the tv.'o HEX characters. 
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Each of these eight bit groups is referred to as a 
BYTE of storage. 

Note that in the first group of figure 12-8 the 
HEX value of 40 is produced by a blank card 
column. In the third group the HEX value of FO 



is produced by a zero punch in a card column. 
This distinction between blanks (spaces) and 
zeros (for arithmetic functions) is one of the 
reasons for having left zero fill required when 
keypunchuig numeric fields. 
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This eight-bit EBCDIC code would require a 
nine track tape (unless converted) for recording 
from or into storage. The ninth track would be 
for the check bit as in the six-bit alphameric 
code requiring seven track tape. 

MAGNETIC INK CHARACTERS 

A language readable by both man and ma- 
chine is produced by printing magnetic ink 
characters on paper media for n^achine proc- 
essing, as seen in figure 12-9A. The m?gnetic 
property of the ink allows reading by machine, 
and the shape of th? chai«cters permits visual 
interpretation. 



Once information has been inscribed on the 
paper documents, they are ready to ' read by a 
reader-sorter which reads the inscribed info^ 
mation from the document and converts it to a 
machine language. After this is completed, the 
information is entered directly into the data 
processing system. 



OPTICALLY READ CHARACTERS 

Another method of input to a data processing 
system is optically readable characters on paper 
documents (fig. 12-9B). Included in these char- 
acters are all letters of the alphabet, digits 0 
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through 9, and special characters. Ordinary' pen 
or pencil marks placed in certain locations on 
the document can also be read. 



PAPER TAPE 

Developed for transmitting telegraph messages 
over wire, paper tape is now used for data 
processing communication as well. For long 
distance transmission, machines read paper tape 
at one location, transmit electrical impulses over 
telephone or telegraph wires to produce a 
duplicate paper tape at the other end of the 
wire, for later processing. 

Paper tape is bulky, not very durable, and 
inconvenient to store, but the cost is practical. 
Paper tape is a strip of paper of indefinite length 
and may be either five-eighths of an inch or an 
inch wide. The paper base may range from 
something that looks like a heavy newsprint to a 
high-quality plastic impregnated opaque card- 
board, very light in weight and flexible. A reel of 
paper tape ranges in length from a few feet to 
several hundred feet. 

Data are represented on paper tape by a 
special arrangement of precisely punched holes 
along the length of the tape (figs. 12-10 and 
12-11). Paper tape is a continuous recording 
medium and can be used to record data in 
records of any length, the capacity of the 
storage medium into which the data is to be 
placed or from which the data is received, being 
the only limiting factor. A tape punching device 
transcribes information from source documents 
to paper tape, which is then read or interpreted 
by a paper tape reader. 



Eight Channel Code 

In an eight channel tape the data are recorded 
(punched) and read as holes located in eight 
parallel channels along the tape. Figure 12-10 
illustrates the eight channel tape and several 
coded characters. These characters consist of 
numeric, alphabetic, special, and function char* 
acters. Each character is coded in one column 
across the width of the tape. 

The four channels labeled 1, 2, 4, and 8» 
excluding the feed holes, are used to record 
numeric characters. In these four positions the 
numeric values 0 through 9 are represented as a 
punch or combination of punches. The value of 
the numeric character is indicated by the sum of 
the position values. For examples, holes in the 
number 4 and 2 tracks would represent the 
numeric 6. 

The X and O channels are :>iiiiilar to the zone 
punches in cards, and are used in combination 
with the numeric channels to record alphabetic 
and special characters. 

The eight channel tape is said to be of odd 
parity. That is, the checking feature checks to be 
sure that each column of the tape is punched 
with an odd number of holes. Any time the 
basic (X, O, 8, 4, 2, 1) code consists of an even 
number of holes, a check hole must be present. 

The tape feed code consists of punches in the 
X, O, 8, 4, 2, and 1 channels and is used to 
indicate blank character positions. A punch in 
the EL (end of line) channel is a special function 
character used to mark the end of a record. 
Areas of the tape punched with the tape feed 
code are automatically skipped by the tape 
reader. 
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Five Channel Code 

As opposed to the eight channel tape, the 
data aie recorded (punched) and read as holes in 
five parallel channels along the length of the 
paper tape. All numeric, alphabetic, special, and 
function characters are represented across the 
width of the tape by one column of the five 
possible punching positions. Figure 12-1 1 shows 
a section of a five channel tape with several 
coded characters. 

Using the five punching positions, only 31 
combinations of the holes are possible. There- 
fore, a shift system is used to expand the 
number of available codes. When the figures 
(FIGS) code precedes a section of tape, the 
coded punches are interpreted as numeric or 
special characters (fig. 12-11). When preceded 
by the letters (LTRS) code, a section of tape is 
interpreted as alphabetic characters (fig. 12-1 1). 

Ten of the 3 1 codes are used for coding both 
alphabetic and numeric characters. The inters 
pretation depends on the shift code, FIGS or 
LTRS, which precedes the characters. These 
characters are P. Q, W, E, R, T, Y, U, I, and O 
and the decimal digits 0 through 9. Likewise, the 
code for special characters is identical to some 
of those used for other alphabetic characters. 

The function characters-space, carriage re- 
turn (CR)» and line feed (LF) are the same in 
either FIGS or LTRS shift. The space code is 
used to indicate the absence of data on the tape. 

Like the card code, paper tape code is 
compatible with the codes that are used by a 
computer. 



DATA ORGANIZATION 

Data recorded in or on magnetic storage 
media is normally organized through makeup of 
bits, characters, words, records and files. A bit is 
the smallest portion of data. A bit is a binary 
digit (0 or 1). A string of these binary digits 
comprises the rest of data organization in 
storage. 

Once a code has been determined by the 
manufacturer for use by the system, characters 
can then be assigned. A character is a unique, 
standard (for one system) grouping of bits which 
can represent a letter, digit or other symbol that 
is used as part of the organization, control, or 
representation of data. 

A character may, by itself, be addressed m 
storage. That is, each character group of bits 
may be located and moved, shifted, printed, 
pundied, etc. 

If each character had to be moved for output 
or input, it would be time consuming (as it 
would be if each bit of a character had to be 
individually moved). Therefore, characters are 
also grouped into what are called WORDS. A 
word is a character string or bit string considered 
as an entity. What this docs is allow storage to 
move more than one character at one time, thus 
speeding up data movement. 

In most arithmetic operations the numeric 
date is changed from its coded (BCD, six-bit 
alphameric) format to base two and placed in a 
word sized register for faster operation. When ' 
the arithmetic operation is complete, the answer 
is changed from base two back to its original 
code and delivered to an area of storage. 
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In the CPU storage (memory) characters 
and/or words may be moved about for indhrtd- 
ual processing of one RECORD. A record is a 
collection of related items of data treated as a 
unit, for example, a set of one or more 
consecutive fields on an individual's payroll 
record. If the payroll record were read from a 
card into storage, the 80 columns would occupy 
80 characters of storage. If three characters 
make up a word, the record will occupy 27 
words'of storage. 

Once all the data for one record has been 
processed, it is then available for output. As the 
records are written onto magnetic tape, mag- 
netic disk or magnetic drum, they collectively 
comprise a file. A file is a collection of related 
records treated as one unit. 



MAGNETIC TAPE 

Reading from and Writing on Magnetic Tape 

The magnetic tape unit reads or writes data in 
parallel channels or tracks along thr length of 
the tape. Each channel or track can be read by a 
read/write head, one for each channel, as the 
tape moves across the magnetic gap of the head. 
Read/write heads may be either one-gap or 
two-gap as shown in figure 12-12. The one-gap 
head has only one magnetic gap at which both 
reading and writing occurs. The two-gap head 
has one gap for reading and another for writing. 

There is one write coil in the write head for 
each recording track. Electrical current flowing 
throujih these coils magnetizes the iron oxide 
coating of the tape, thus erasing previously 
recorded infonnation. 

Checkiiig Tape Recorded Data 

Tape validity may be checked by tape units 
using either a one-gap or two-gap read-write 
head. When using the one-gap head, the tape 
must be backspaced over the record, or the tape 
must be read as it is used in another operation 
before validity checking can occur. Although the 
one-gap method is satisfactory, the two^p head 
gives increased speed by checking while writing. 
For example, a tape being written passes over 
the write gap (where data is recorded) and then 
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over the read gap where errors in writing are 
detected almost instantly. 

In checking BCD tape, each binary coded 
character is checked for validity as it is written 
on magnetic tape. An automatic odd or even 
count is made of all bits ( 1 bits) in each vertical 
tape column. If even parity checking is U8«l, a 
bit is placed in the C track during tape writing 
for each vertical column in which the count is 
odd, making the total number of bits even (% 
12-13). For each subsequent reading operation, 
the total count of bits in each character must be 
even in order to pass the parity check. If odd 
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parity checking is used, the C bit is written when 
the bit count is even, making the total number 
of bits odd. During subsequent reading oper- 
ations, each character must have an odd total bit 
count to be considered valid. 

in addition to vertical parity check, a hori- 
zontal parity check is made on each record. A 
record is a unit of information, such as the 
information recorded in a punched card. The 
bits in each horizontal row are counted as each 
record is written, and a check bit is recorded at 
the end of the record for each track in which the 
bit count is odd, if even parity is used, or for 
each track in which the bit count is even, if odd 
parity is used. Thus, each time a record is read, 
it is checked for parity not only by characters, 
but by track as well (fig. 1 2-1 3). 

Checking Binary Code 

In electronic data processing systems using 
the binary code for data representation, the 
basic unit of information is the word, consisting 
of a fixed number of consecutive bit positions. 
These words usually are recorded on magnetic 
tape in six vertical columns, with six bits 
recorded in each horizontal track. The seventh 
track, or C position, is used for parity checkuig 
only. Parity checking is performed in a manner 
similar to that used for checking BCD tapes. 
That is, a parity check is vertically by column 
and horizontally by track. 



The difference in checking binary tape and 
BCD tape is that the vertical parity check 
including the check character must nave an odd 
parity for bmary coded data; whereas the 
horizontal parity check, including check char- 
acter, for binary tape must be even. If these 
conditions are not met» an error condition is 
indicated. 

Tape Records, Density, and Interrecord Gap 

Records on magnetic tape can be of any 
practicable size, being restrictsd only by the 
length of the tape or the capacity of internal 
storage devices. For example, a record can be 80 
characters long, corresponding to the 80 
columns in a punched card; it can be shorter, or 
it can be longer. Records can be placed on tape 
ungrouped, or they can be grouped. Ungrouped 
records consist of individual records separated 
on tape by an interrecord gap. The length of th(5 
gap varies, depending upon the particular system 
and method of recording, but is in the neighboi> 
hood of from 2/5 to 3/4 inches. Grouped 
records consist of a number of records called a 
RECORD BLOCK. Records within a block are 
Sep .rated by a control symbol or RECORD 
MARKS, and blocks are separated by an inte^ 
record gap. During writing, the interrecord or 
interblock gap is produced automatically at the 
end of each ungrouped record or at the end of 
each record block (as it is the area generated 
when decreasing from and increasing to writing 
speed). During reading, the record begins with 
the first character sensed following an inter- 
record or interblock gap, and continues until the 
next gap is reached. All input records are 
internally stored in accordance with the storage 
positions assigned by the stored program. Out- 
put records are written from the storage posi- 
tions designated by the stored program. Ex- 
amples of various ways in which records are 
placed on magnetic tape are shown in figure 
12-14, and are discussed in the following 
paragraphs. 

Ungrouped records fall into two general 
classes: fixed length and variable length. All 
fixed length records have the same nuniber of 
set positions for each record, and each item of 
data is recorded in the same positions for each 
record. Thus, if any item is missing from any 



323 



ERIC 



Data processing technician 3 & 2 



a — x^i^ 



"*1»u5cic I** 






•——one •tocK '1 


i 1 

CffOU^tO tICMIOi 














T 





m 





MMfO UC(MM. v««iAIU vaiiiA|LE 




Figura 12-14.-Placing data raooids 
on magnetic ti^M. 



78.27 



record, its position or positions must be filled in 
with zeros or blanks or any designated fill 
characters. Variable length records may vary in 
length from one record to another, depending 
upon the number of positions required to record 
the necessary data. All items of data which are 
common to all records must be recorded in the 
same positions of each record. If any of these 
items are missing, their positions must be filled 
with zeros or blanks. Items common to all 
records usually are placed at the beginning of 
. each record, and extended for the required 
length. Additional items required in some rec- 
ords but not in others normally are placed at 
the end of the record. This provides for maxi- 
mum speed in reading recotds, since less tape 
space is required for the shorter records. 

As a general rule, fixed length records are 
easier to program than variable length records. 
When there are few differences in the length of 
records, the additional tape space and read time 
required by partially empty, fixed length records 
may be justified by the shortened programming 
time required. In applications where there are 



many record length differences, the saving in 
tape space and machine read time may very well 
justify the use of variable length records. 

In ungrouped records an individual tape rec- 
ord rarely exceeds 3/4 inch in length. In fact, 
the average approximates 1/4 inch. Since an 
interrecord gap may be 3/4 inch long, you can 
readily see that in reading ungrouped records, 
more time is spent spacing between records than 
is spent actually reading records. To cut down 
on this wasted time, records are often grouped 
in blocks, with the interrecord gap placed 
between each block, and only a record mark 
separating the records within a block. The 
number of records placed in a record block is 
called the BLOCKING FACTOR. 

When record blocks contain a fixed number 
of records, with each record containing a fixed 
number of positions, they 2!% called FIXED- 
FIXED. This form of grouping records is best 
suited to files having little variation in record 
size. 

The term FIXED-VARIABLE appUes to 
grouped records that have a fixed number of 
records of variable length in each record block. 
The maximum length of the records must be 
known in order to assign sufficient internal 
storage space for the incoming record blocks. 
The length of each record usually is indicated by 
a special character or control field which is part 
of-and is found at the beginning of-each 
record. Programming is more difficult for this 
type than for fixed-fixed. 

The VARIABLE-FIXED form of record 
grouping has a variable number of fixed length 
records in each record block. Records may be 
grouped this way when a relatively small number 
of records in a file exceeds the fixed length. 
Records exceeding the fixed length are made up 
into two or more grouped records, thus in> 
creasing the number of records that can be 
placed in a block. Programming is more difficult 
than for fixed-fixed. 

VARIABLE-VARIABLE is the case where 
each record block has a variable number of 
variable length records. This arrangement may 
be worthy of consideration when a file has many 
variations in the length of its records. However, 
this arrangement is more difflctdt to program 
than any other arrangement and shoa^i be used 
only if the end justifies the means. 
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The m^or differences in magnetic tape units 
are the speed at which the tape is moved past 
the read/write head and the density of the 
leoorded information. Density describes the rate 
at which characters are recorded on tape. 
Among the most common are 200 and SS6 
columns per inch. Tape speed varies to a great 
extent, from less than SO inches per second to 
more than 100 inches per second. Character 
transfer rate is determined by multiplying speed 
and density. 



MAGNETIC CORE STORAGE 

The magnetic core storage device is composed 
of tiny rings, or CORES, of ferromagnetic 
material The ferrite used in this application is a 
ceramic iron oxide possessing magnetic prop- 
erties. The ferrite particles are pressed on each 
core and then baked in an oven. 

Magnetic cores normally have four wires 
passing through them (fig. 12-15). The X and Y 
drive (MAGNETIZING) wires are used for read 
selection. (These same two wires are used for 
write by reversing the direction of the current 
flow.) The SENSE wire is to sense the magnetic 
state of the core, and the INHIBIT wire ensures 
that the core remains in its original state after its 
contents have been read. 

Since a "single core stores only one bit of a 
word, a large number of cores are required to 
handle all the bits in every word to be stored. 
These cores are mounted on PLANES and the 
planes are stacked one upon the other. Each 
core is capable of containing one bit of infor- 
mation. A vciticai column of cores consisting of 
one core in each plane is used to store one 
character, and is called a STORAGE POSITION. 
Figure 12-16 illustrates how magnetic cores are 
arranged to form a storage position, using the 
binary coded decimal system. Any number of 
a4jacent storage positions can be grouped to- 
gether to form words. 

Every magnetic field has polarity. This can be 
demonstrated by the common horseshoe shaped 
magnets, which attract each other when turned 
one way, and repel each other when turned the 
other way. 

In computer memory applications the femte 
core is magnetized by a flux field produced 
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when a current flows in drive wires that are 
threaded through the core. It retains a large 
amount of this flux when the current is re- 
moved. Flux lines can be established clockwise 
or counterclockwise around the core depending 
upon the direction of the magnetizing current. A 
current in one direction establishes mag- 
netization in a core in a given direction. Re- 
versing the direction of the current flow reverses 
the direction of the flux field and the core 
magnetization. These two unique magnetic 
states represent the binary digits 0 and 1 . or NO 
BIT (0) and BIT(l). 

Once information is placed in core storage, a 
means must be provided for obtaining that 
information when needed. This is accomplished 
by a sense wire, which passes horizontally 
through all cores in a plane. The presence of a 
bit or no bit in each core is transmitted through 
the sense wire to the location called for by the 
stored prospm. 

^ An inhibit wire prevents writing a " P' when a 
"0 • is to be written. Like the sense wire, the 
inhibit wire also runs through every core in a 
plane. 

It is beyond the scope of this text to fully 
explain core storage, but a basic knowledge of 
how core storage works is useful in under- 
standing the operation of all data processing 
systems using core memoiy. More detailed cov- 
erage can be found in DIGITAL COMPUTER 
BASICS, N A VTRA 10088. 



MAGNETIC DRUM STORAGE 

The magnetic drum storage device consists of 
either a hollow cylinder (thus the name "drum") 
or a solid cylinder that rotates at a constant 
velocity. The outer surface is coated with a 
material capable of being magnetized. Mag- 
netized spots can be placed on the surface of the 
drum to represent data. These bits are placed in 
a series of tracks running around the drum, as 
shown in flgure 12-17. 

Each data track has its own read-write head 
which is used for recording and reading. The 
drum is rotated so that the heads are near but 
not touJiing the drum surface at all times. As 
the drum rotates, the tracks are continuously 
passing under their respective read-write head. 
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Figura 12-1 7.-M^nMic dram. 
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The read-write heads read information from a 
magnetic drum by sensing the magnetized spots 
on the drum surface, converting them to an 
electrical signal, and transmitting it to the 
computer. Information is written on the drum 
by convrrting electrical signals from the computer 
into magnetized spots on the drum surface. 

Data recorded on the surface of drums re- 
mains indeflnitely and may be used repetitively. 
The old data is automatically erased each time 
new d9ta is recorded. 

Each drum has a specific number of storage 
locations which are addressable by the com- 
puter. The capacity of each storage location 
depends upon the design of the drum and the 
data representation code used. Because neither 
reading nor writing can occur until the particular 
location to be read or written is directly under 
the read-write heads, the speed of access is 
dependent upon the location of the desired 
storage position on the drum in relation to the 
read-write heads. 

MAGNETIC DISK STORAGE 

Magnetic disks resemble phonograph records 
whi -h have been coated with ironoxide. The 
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disks (or records) are arranged in stacks in much 
the same way as a record stack in a modem 
**juke box.** AU of the disks are continuously 
revolving and spaced apart so that a read/write 
head, driven by an access mechanism, can be 
positioned between the disks. 

The data are recorded at certain addresses on 
a specific disk. When readout of a particular 
section of storage is desired, the recording head 
is automatically positioned and the data are read 
from the surface of the selected disk. 

Disk storage makes it possible for records to 
be accessible without having to read from the 
beginning of a file to find them. This is called 
either DIRECT ACCESS or RANDOM ACCESS 
processing as contrasted to SEQUENTIAL or 
BATCH processing where reels of magnetic tape 
or files of punched cards must be read from the 
beginning in order to read or write a desired 

record. . ^ 

Assume that ten magnetic disks are used for 
storing all material inventory records by stock 
number. All stock numbers starting with zero 
are placed on one disk, those starting with 1 on 
another disk, 2 on a third disk, and so on 
through stock numbers starting with 9, which 
are placed on the tenth disk. If an issue card 
with a stock number starting with a 4 is fed mto 
the system the disk which has all stock numbers 
starting with 4 is selected and spun around until 
the particular stock number which the computer 
is looking for is reached. ^ . . . a 

Direct access processing has a decided ad- 
vantage over sequential processing if master files 
have to be updated on a continuous basis. 
Continuous processing usually results in a small 
percentage of the master records being affecied. 
In sequential processing, each master record 
must be read and written for each processing 
cycle, even though only a few records may have 
to be updated. In direct access processing, only 
those master records affected by transactions 
need be read and written, thus saving consider- 
able reading and writing time. _ . „^ ^ ^. 

One disk arrangement (fig. 12-18) has the 
disks mounted on a vertical shaft, with each disk 
separated from the adjacent one. As the shaft 
revolves, spinning the disk, magnetized spots can 
be placed in tracks on both sides of the disk to 
represent data. One or more access aims are 
located at the side of the disk stack, and move 



under control of the stored program to any 
desired track on any disk. Magnetic recording 
heads mounted on these access arms are used to 
write data on the disks and to read data from 
them. Each access arm is foriced, with a re- 
cording head on each foric, making it possible to 
read or write on either side of the disk. 

Another disk arrangement (fig. 12-19) uses 
interchangeable disk packs. Six disks are 
mounted in a disk pack which can be replaced or 
removed from the disk drive and stored m a 
library in much the same manner as magnetic 
tape reels may be stowed. The packs weight less 
than ten pounds each, and up to 7.25 million 
characters of information can be stored on each 
disk pack. 

The inside ten disk surfaces are used tor 
recording data, whfle the outermost two surfaces 
are piXJlective plates. When installed in a disk 
drive, information is written or read from the 
surfaces by read-write heads mounted m pairs 
between each two disks on a movable access 
mechanism. 

The magnetio^isk data surface remams re- 
corded until written over. Each time new infor- 
mation is recorded and stored, the old informa- 
tion is automatically erased. Data recorded on 
magnetic disks may be read as often as desired. 
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THIN FILM STORAGE 




Figure 12-20.-Thin film mamory. 
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Thin film storage consists of small spots of 
magnetic material less than one-sixteenth of an 
inch in diameter, deposited on an insulating 
base, such as a glass (fig. 12-20). The spots are 
made only a few millionths of an inch thick and 
are made by the deposition of magnetic alloys 
under a high vacuum in layers so thin that 
magnetization can be switched by rotation 
within time intervals of several nanoseconds. 
Access time of the Univac 1107 thin film 
memory is 300 nanoseconds (.3 microseconds). 

Magnetic drums, disks, and tape use spots of 
magnetization, whereas the magnetic material is 
continuous. In thin film the spots of magnetiza- 
tion and the spot of magnetic material have the 
same boundaries. The spots are made by evap- 
orating the magnetic material in the presence of 
a magnetic field. Therefore, magnetization in the 
preferred direction or opposite direction can be 
easily made. 
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PROGRAMMING AND LANGUAGES 



INTRODUCTION 

In the nonnal process of advancement in the 
data processing rating a person usually is first an 
operator, next a programmer and fmally a 
systems analyst. At the E-4 level, studying for 
E-5, he must be introduced to programming. 
The E-5 is looked upon as being the prospective 
programmer. 

It is the intent of this chapter to provide an 
introduction for the prospective programmer. 
Programming terminology will be defined and 
examples given of languages used throughout the 
Navy. 

Programming is the designing, writing and 
testing of a program. To write a program one 
must use a language. A language is a set of 
representations, conventions and rules used to 
convey information. Information is the meaning 
that a person assigns to data by means of the 
known conventions used in their representation 
(eg., 121872 is data untU it is titled date; it is 
then month 12, day 18, year 72). The com- 
pleted writing is known as a program. A program 
is a series of actions proposed in order to achieve 
a certain result. 

DESIGN 

To get to the program writing stage much 
preparatory (design) work must be done. The 
amount of design work depends on the type of 
installation to which a person is attached. In 
large organizations there may be system ana- 
lysts, program flowcharters, coders, program 
maintenance people, etc. Each of these people 
has a specific function in the stages of develop- 
ing a system. 

As this is an introductory chapter on pro- 
gramming it wm present material related to 



programs that are to be developed by a trainee 
receiving on-the-job training at a medium sized 
command. At such a command part of the 
design work will be accomplished before the 
program package is turned over to the trainee. 
The trainee is then required to complete the 
programmer's function. 
The design materials that should be provided 

are: 

1 . Input requirements-This would include all 
source documents (card layouts, tape record 
layouts, disk record layouts). If the input is 
from other than cards, the file names wiU be 
provided. 

2. Output requirements-This would mclude 
the layouts for whatever type of output is 
required. It could be card, tape, disk, printed 
reports or combinations of these. 

3. List of library routines-This would con- 
tain the call name(s) of libraried routines. 
Library routines are programs that have already 
been written and are in object decks, on tape or 
disk. These are programs that can be called in by 
your program to provide certain functions such 
as merging two or more files, sorting, calculating 
square root, etc. This saves each programmer 
from duplicating other's efforts. 

4. A problem description-This is a narrative 
statement of the problem. It may include a 
description of the method of solution, the 
solution itself, the transformations of data and 
the relationship of procedures, data, constraints, 
and environment. In simpler terms this means a 
longhand definiUon of the problem which pro- 
vides all necessary formulas for any calculations 
involved. 

In a small installation the preceding list of 
design material would have to be gathered by 
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the programmer. Only a written or oral general 
problem description and a rough idea of the 
required output would be provided. Design 
development is described in more detail in the 
Ai/a Processing Technician 1 & C rate training 
manual. 

Continuing on the assumption that the four 
pieces of design are provided, the trainee is now 
left to complete two steps- flowcharting and 
program coding. 



FLOWCHARTING 

Flowcharting is a graphical means of repre- 
sentmg the definition, analysis, or solution of a 
problem, in which symbols are used to represent 
operations, data, flow, equipment, etc. 

There are two types of flowcharts-data flow- 
diarts and programming flowcharts. A data 
flowchart represents the path of data through a 
problem solution. It deflnes the m^or phases of 
the processing as well as the various data media 
used. This type of flowchart is most generaUy 
constructed by the system analyst. In the past it 
has been referred to as a systems flowchart and 
is still referred to as such by "old timers.** An 
example of a data flowchart will be given later in 
this chapter. 

The second type of flowchart, programming 
flowchart, is the one that will have to be 
constructed by the programmer. It represents 
the sequence of operations in a program. Some 
people erroneously refer to this type as a detail 
flowchart 

FLOWCHART SYMBOLS 

To construct a flowchart it is first necessary 
to know the symbols and their i«lated meanings. 
The foUowing symbols and then- meaning are 
standard for the military, as directed by SEC- 
NAVINST 5233.1 of 30 June 1972. 

Bagk Symbols 

Symbols represent functions. These func- 
tions are input/output, processing, flow direc- 
tion, and annotation. All flowcharts may be 
initially constructed using only the basic sym- 
bols as a rough outline to work from. 
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INPUT/OUTPUT SYMBOL 
represents any type of me- 
dium or data available for 
processing (input), or the 
processed information 
(output). 

PROCESS SYMBOL. A ma- 
jor data processing func- 
tion, the process of opera- 
tions resulting in a change 
of value, form, or location 
of information. 

FLOWLINE SYMBOL Nor- 
mal direction of flow is 
from left to "riglit and top to 
bottom. If the direction of 
flow is other than normal, 
arrowheads are required at 
the point of entry. 

ANNOTATION SYMBOL is 
used for the addition of 
descriptive comments or 
clarification notes. The 
broken line may be ex- 
tended in whatever fashion 
to any symbol where appli- 
cable. 



Specialized Input/Output Symbols 

Specialized I/O symbols are used to construct 
aU final programming flowcharts. They more 
specifically denote the medium on which the 
information is recorded or the manner of han- 
dling the information. 
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PUNCHED CARD SYM- 
BOL is for an I/O function 
in which the medium is 
punched CARDS. 

MAGNETIC TAPE 
SYMBOL represents an I/O 
function in which the me- 
dium is magnetic tape. 
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PUNCHED TAPE SYMBOL 
is for an I/O function in 
which the medium is 
punched tape. 

DOCUMENT SYMBOL rep- 
resents source documents 
and all varieties of reports 
and documents. 

MANUAL INPUT SYMBOL 
is used when information is 
entered manually at the 
time of processing, by 
means of online keyboards, 
switch settings, push- 
buttons, card readers, etc. 

DISPLAY SYMBOL is used 
when information is dis- 
played by plotters or video 
devices. 

COMMUNICATION LINK 
SYMBOL denotes auto- 
matic transmission from 
one location to another. 
The direction of flow is left 
to right and top to bottom. 
Arrowheads are used when 
increased clarity is desired. 

ONLINE STORAGE 
SYMBOL indicates the use 
of a mass storage unit such 
as magnetic disks and 
drums. 

OFFLINE STORAGE 
SYMBOL represents any 
offline storage of cards, 
paper, and all other media. 



Specialized Process Symbols 

Specialized process symbols are also used for 
the final programming flowchart as they repre- 
sent more meaningful processing functions, and 
identify the specific type of operation to be 
performed on the information. 




Additional Syntbols 
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DECISION SYMBOL is 
used to depict a point at 
which a branch or switching 
type operation to one of 
two or more alternate paths 
is possible. 

PREDEFINED PROCESS 
SYMBOL indicates a named 
process consisting of one or 
more operations or program 
steps that are specified else- 
where, e.g., subroutine or 
logical unit. 

MANUAL OPERATION 
represents all manual offline 
operations which do not re- 
quire mechanical aid. These 
are clerical processes geared 
to the speed of a human 
being. 

AUXILIARY OPERATION 
SYMBOL represents an off- 
line operation performed on 
equipment not under direct 
control of the central proc- 
essuig unit. 
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CONNECTOR SYMBOL 
represents a junction in a 
line of flow to another part 
of ^ the flowchart. The en- 
tries and exits are repre- 
sented by a set of two 
connector symbols. When 
flowcharts are broken due 
to page limitations, this 
symbol is used to indicate 
the break, and identifica- 
tions should be placed 
within the symbol. 

TERMINAL SYMBOL rep- 
resents a terminal point in a 
system at which data can 
enter or leave; (start, stop, 
halt, delay, or interrupt). 
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Flowcharting Template 



The following graphic symbols are used 
when appropriate on nowcharts and other docu- 
mentation. 



/ 
± 

> 
< 

> 
< 

YES or Y 
NOorN 
TRUE orT 
FALSE or F 



plus, add 
piinus, subtract 
multiply 
divide 

plus or minus 
equal to 
greater than 
less than 

greater than or equal to 

less than or equal to 

not equal to 

not greater than 

not less than 

Yes 

No 

True 

False 



An aid for drawing the symbols is called a 
flowcharting template. Figure 13-1 shows a 
template containing the standard symbol cut- 
outs. A template is usually made of plastic with 
the symbols cut out to allow tracing the outline. 

FLOWCHART CONSTRUCTION 

There is no "best way** to construct a 
flowchart. There is no way to standardize 
problem solution. Flowcharting and program- 
ming techniques are always unique and confonn 
to the individual*s own methods or direction, of 
problem solution. 

This manual will show an example of develop- 
ing a programming flowchart. It is not the intent 
to say this is the best way, rather, it is one way 
to do it. ' 

By following this text example the trainee 
should grasp the idea of problem solution 
through flowchart construction. As experience is 
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gained and familiarity with a computer system is 
acquired, these basic ideas will serve only as a 
foundation. 

In order to develop a tlowchart a person must 
first know what problem he is to solve. As was 
stated earlier, some design material will be 
provided. Two of these items are a problem 
definition and data flowchart. These two items 
are provided as follows for this example. 

PROBLEM DEFINITION 

DIVISION BUDGET. 1 his program will be to 
determine a division's remaining balance of 
quarterly budget funds. The current balance will 
be contained on a master tape. The tape label 
will be "SUPPLY" with each record 1 10 charac- 
ters in length. 

The tape will be in sequence by a four digit 
numeric division code. The division code will be 
the first four characters of each record, and the 
current balance will be located in positions 
20-28. 

The detail file for the update of current 
balance will consist of cards. The card layout 
vmU be as follows: Division code, cc 1-4; 
Expenditures, cc 5-12; Credits, cc 13-22; Blank 
for cc 23-80. These cards will be accumulated 
for a month's period and sorted into ascending 
division code sequence. 

The end result will be to produce a listing of 
monthly expenses, credits and the current bal- 
ance together with an updated current balance 
on the master tape file. A master record with no 
transactions need not be listed. 

DATA FLOWCHART 

The data flowchart for an entire ship's supply 
system is depicted in figure 13-2. Tlus is the 
type of flowchart constructed by a system 
analyst to show the relationship of numerous 
jobs that make an entire system 

That portion that would be presented to the 
programmer for this problem is from entry point 
(connector) A through the writing of NEW 
SUPPLY at entry connector B. All steps in- 
volved in this problem are numbered in the 
upper right comer of each symbol. These num- 
bers would not normally appear but are to be 
used for reference later in this chapter. 



PROGRAMMING FLOWCHART 

Many things must be considered when devel- 
oping the programming flowchart. The experi- 
enced programmer can foresee many of these 
things and usually has a plan of attack. This plan 
is put down in the form of a rough programming 
flowchart. Tliis rough will be used to trace 
through each of his logical solutions for each of 
the situations that may occur for correctly 
processing the data. 

After the initial rough (with possibly many 
changes) is drafted, it is put into a smooth. 
From this smooth programming flowchart it 
should be possible for any programmer to write 
the program. This is why flowchart symbols and 
data processing terminology must be standard- 
ized. , 

The "plan of attack" and logic for flowchart- 
ing this problem will be explained as it was 
developed. Reference will be made to the 
problem definition (PD) and data flowchart (D 
F/C) as support for the logic. 

The first step will be to transform a low speed 
input to a high speed input. D F/C symbol 2 
indicates an input of current division expendi- 
ture/credit file. This will be the punched cards 
for update (PD). As the update records must be 
compared to the master records, it is to our 
advantage to first get both inputs on the same 
storage medium. This provides equal speed 
factors for better use of computer time. 

Figure 13-3 is the flowchart required to 
indicate the transfer of data from cards to 
magnetic tape. The predefined process symbol is 
an indication to the operator that a utility 
program (library routine) is to be called in. This 
particular flowchart will not generate program- 
ming. It will go in the finished documentation 
package as part of the operator's manual. 

Both inputs for this problem are now going to 
be on magnetic tape. To start the programming 
flowchart for this problem the first logicid steps 
will be to read a record from each file. Figure 
13-4 depicts the symbols and notations required 
for initial file reading. ^ ^ 

Checking for end of file (EOF) is standard 
procedure after reading. At this point it seems 
ridiculous to check for EOF, as it is evident that 
only the first record is being read from each file. 
Further development of this flowchart will 
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Figura 13-2.-Data flowdurt for Aip supply tyitem. 
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Figurt 13-3.-Stap 1. 
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clarify this necessity for EOF. For now, the plan 
of attack assumes that EOF has not been 
detected for either file, indicated by the N's. 
The EOF detection routes (Y's) are left with 
blank connector symbols. These connector 
symbols will be filled in when the logic for those 
situations is flowcharted. 

Once a record from each file is available, it is 
then necessary to determine if the records match 
on division code (PD). The N route of EOF, 



therefore, will lead to the decision symbol in 
figure 13-5. The result of this decision is again 
twofold, and the plan ol attack is to solve for 
the Y first. The N route is. therefore, left with a 
blank connector symbol. 

Tlie processing symbols lor the Y route (DIV 
CODES are equal) indicate the individual steps 
required to calculate the current balance, pro- 
duce an updated record on a new tape and print 
a report as required by the I'D. 

The flowcharting of figure 13-5 indicates the 
extent of processing required for an e<iiial 
condition and could end with a c<)iineetor 
indicating a required looping back (return) to 
read both files. This is not indicated at this point 
but will be left in abeyance until further 
flowchart development. For now this line of 
logic is completed. 

The next logic in the plan of attack to be 
developed is the N route of the DIV CODE 
comparison. Figure 1 3-6 shows the flowcharting 
required for the N route connector symbol of 
DIV CODE comparison in figure 13-5. Once the 
decision is made that DIV CODE are not equal, 
it still remains that one is higlicr than the other. 
The first thing to be accomplished in figure 13-6 
is determination of which code is higher. The 
processing flowcharted in figure 1 3-6 follows the 
decision that the update file has the greater 
division code number. Tlie connector for the N 
route is left blank until further logic develop- 
ment. 

When the update DIV CODE is greater than 
the supply DIV CODE, it means that a master 




MOVE 
CURRENT 
BALANCE TO 
COUNTER 



SUfRACT 
EXPENDITURI 
FROM 
COUNTER 









MOVE 




ADD 








CREDITS TO 




RF ^OTO 




COUNTER 




APE 








CJTPUT 



-0 



MOVE 
COUNTER TO 
( 8>— » CURRENT ~» 
\^ HSALANCE IN 
TAPE 
OUTPUT 



MOVE 
UPDATE 
RECORD TO 
PRINTER 
OUTPUT 



MOVE 
COUNTER 
TO PRINTER 
OUTPUT 




49.440 



Figure 13-5.-Step3. 
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record (a particular division) had no transactions 
for the month. For this situation all that is 
required is to transter the old supply record to 
the new supply tape (PD). 

After the write operation, the supply recoid 
has been processed and the next old supply 
record must be brought in (read). The READ 
SUPPLY is done at this point rather than 
looping to the READ SUPPLY at the program 
start. The reason is that if a loop had been 
indicated, both files would have been read. This 
would be erroneous as the update record that 
was originally compared is still unprocessed. 
This unprocessed update record must be com- 
pared against the next supply record. 

After determination that EOF does not exist 
on this read, it is then logical to loop back to the 
initial compare of DIV CODEs in figure 13-5. 
This is not indicated, however, as further devel- 
opment will prove it would be erroneous to 
directly loop. For now this line of logic is 
completed. 

The next logic to be flowcharted is for the N 
route of the decision on DIV CODE in figure 
13-6. This route will denote the processing 
required when the supply record is greater than 
the update record. This means that there is no 
master record for a particular division (most 
likely a newly established division). Figure 13-7 
depicts the flowcharting required for this proc- 
essing. 

As there is no master record for this division, 
one must be constructed. The first step is to 
build a record of appropriate length (PD). Once 
the record area is established, the DIV CODE 
can be written into the supply record from the 
update record. As there is no current balance. 





iLANK 

MCOOHOTO 

OUTPUT 




Move 01 V 
OOOeUMATC) 
TOTtfe 




MOVE 
Ct^Tt 




$UtTIIACT 






OUTPUT 




COUNTCII 




COUNTCR 



40.442 



the update records credits are moved to a 
counter area and the expenditures subtracted. 

The next five steps would be identical to the 
routine of figure 13-S after connector B. Rather 
than duplicate efforts, a loop could be initiated 
back to connector B. Again, a connector is not 
provided to indicate this action. 

All lines of logic have now been fiowcharted 
except for the EOF routines. The conditions 
that are flowcharted include: 

1. DIV CODE of both files being equal 
(figure 13-S). 

2. DIV CODE of update being greater than 
DIV CODE of supply <figure 1 3-6). 

3. DIV CODE of supply being greater than 
DIV CODE of update (figure 13-7). 

For completion of this programming flow- 
chart the following must be considered: 

1. What must be done when EOF has been 
detected for the supply file but not the update 
file? 

2. What must be done when EOF has been 
detected for the update file but not the supply 
file? 
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3. As it is planned to utilize a portion of the 
flowchart in a looping action (from figure 13-7 
to figure 13-S» entry B), how is indication and 
detection of this loop performed? Of what 
significance is it to detect that a loop has been 
performed? 

Figure 13-8 is the completed programming 
flowchart for this problem. One EOF routine 
cannot be completed without involvement of 
the status of the other file. The entire picture is, 
therefore, shown, and the logic is as follows: 

Basically, when a file is ended, the procedure 
is to set a condition (move 1 to EOFCK, at 
connector E; move 2 to EOFC^K, at connector 
G) and loop to a routine which will process the 
other file until EOF (entry 3 and entry 4). 

By tracing through each routine the program- 
mer can determine if the logic is correct. The 
routines that are in this flowchart are for: 

1. an equal compare condition 

2. an unequal compare condition with supply 
containing the greater DIV CODE 

3. an unequal compare condition with update 
containing the greater DIV CODE 

Any of the preceding routines may end with an 
attempted read of one of the files and detection 
of EOF. 

The first routine is traced through as follows: 
On an equal compare both file records have been 
processed and two new records must be read. 
TTiis is performed by a loop to entry point 5. 

The first EOF that may then be encountered 
by this routine is for the supply tape. If EOF is 
detected (Y), a branch to connnector G is 
indicated. At G a 2 is moved to an area of 
storage called EOFCK. As it is evident that 
supply is terminated, the update file is read, 
EOF checked, and (if not also EOF) a loop is 
performed to process the update record (entry 
7). The processing at entry 7 is performed and a 
check is made to see if supply EOF is present. If 
this is the case, the Y routine is performed, and 
a loop to entry point 2 occurs. 

The proce^ng is completed for the update 
record, and EOFCK is checked for supply EOF 
indication. (The COUNTS = 1 will be explained 
later.) As tiie contents of EOFCK are equal to 



two, a branch occurs to entry point 4, and 
another update read is attempted. 

This looping and branching will continue until 
such time as EOF for update is detected. When 
this occurs, the program is terminated. 

If on a loop (from an equal compare process- 
ing) to entry 5, supply is not at EOF, but update 
is, a branch is indicated to connector E. At 
connector E a 1 (instead of a 2) is moved to 
EOFCK. It is now evident tiiat all that remains is 
to process the supply flle until EOF. A loop is, 
tiierefore, indicated to entiy point 3. This 
routine processes the supply record, reads sup- 
ply and checks for EOF. If EOF does not exist 
(N), EOFCK is checked for indication of update 
EOF (contents of a 1). If a 1 is present, - loop 
to entry point 3 is performed. 

This loop will continue to occur until EOF of 
supply is detected. Once this condition exists, a 
branch to connector F is directed. The routine 
at F checks to see if the update file is ended. If 
so, both files are now ended and the processing 
is terminated. If EOFCK does not contain a 1 
(update not EOF), normal processing has caused 
tills entry and the furst EOF detection has been 
encountered. In this case a 2 is moved to 
EOFCK and a loop is indicated to entry 7 for 
processing of the update record. The looping as 
previously described is then performed until 
EOF at entry point 4 is detected and the 
processing is terminated. 

All conditions involving EOF have not been 
logically solved and flowcharted. The remainhig 
element is tiie involvement of COUNTERS. 
During normal processing when the DIV CODE 
of supply is greater than that of update, a 
branch to connector D occurs. For this routine 
the update record only is processed. If EOF of 
supply is detected, a direct loop to entry 2 is 
indicated (EOFCK = 2). This routine will again 
check the EOFCK contents and direct the 
process through the route to finish the update 
file (to entry 4). 

If the EOFCK is not equal to 2 but tiie loop 
to entry 2 is still performed (without setting 
COUNTERS), an erroneous loop from that 
routine to entry 5 will be performed. It will bt 
enoneous because it will read supply (as out of 
equal processing) with a supply record still 
unprocessed. Therefore, by moving a 1 'to 
COUNTERS (inotiier memory area), correct 
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control can occur (COUNTERB » 1) to direct 
looping to entry 6. This provides a read of a new 
update record and comparing against the un- 
processed supply record. 

Whenever COUNTERB is determined to have 
a 1 present, it is reset to zero so as not to 
provide misrouting if tested under different 
circumstances. 

Flowcharting Sununaiy 

The preceding programming flowchart de- 
picted is relatively basic. The complexity of any 
flowchart is determined only by the complexity 
of the problem. For any problem involving two 
inputs the read ins and EOF's will be depicted in 
much the same manner as in figure 1 3-8. The big 
difference between this flowchart and one any 
other programmer will develop is the processing 
(problem solving) steps involved. 

The logical sequence of problem solving steps 
may be influenced by a number of factors 
including: 

1. the programmer's personal method of 
problem solution 

2. the programmer's degree of knowledge of 
the system 

3. the programmer's degree of knowledge of 
the instruction set (repertoire) of the language 
used by the system 

Once the flowchart has been constructed and 
the program wrftten, a test run may expose 
errors. These errors may be due to misuse of an 
instruction, keypunching of the program, or a 
combination of these or one of many other 
factors. Errors, of course, require that changes 
be made. 

When changes are made to the program 
coding which change the flowcharted sequence, 
these changes must be reflected in the flowchart. 

LANGUAGES 

Once a programming flowchart has been 
completed, the next step is to produce a written 
set of instructions. These instructions will 
eventually permit the computer to input, proc- 
ess and output the data in a sequence similar to 
that depicted in the programming flowchart. 



To communicate with the computer (as in 
any communications) there must be a language. 
A language is a set of representations, conven- 
tions and rules used to convey informatioii. 

There are many types of languages in the 
computer world. Among these are programming 
language, source language, object (or target) 
language and machine language. 

PROGRAMMING LANGUAGE 

The programmer's objective is to produce a 
computer program by using a programming 
language. A computer program is defined as a 
series of instructions or statements, in a form 
acceptable to a computer, prepared in order to 
achieve a certain result. This program is de- 
veloped by use of a progranuning language. 

Programming language is a general term relat- 
ing to any and all languages used to prepare 
computer programs. The type of programming 
language of most concern to a trainee is a source 
language. 

SOURCE LANGUAGE 

A source language is the language which is 
input to a computer. When the programmer 
writes (symbolically codes) a program, that 
program becomes input to a processor. The 
source language eventually is translated into 
object (target) language which can be loaded 
into memory and executed. 

The source language is not always in symbolic 
coding (programmer -written). It may be the 
object language of one computer system that 
requires translation into the object language for 
another computer system. 

In some computers the object language is 
machine language. In this case all addresses ate 
absolute (fixed) in the object language. Other 
computers do not provide absolute addresses 
until a loading routine has taken place. There- 
fore, a distinction is made between object and 
machine language. 

OBJECT LANGUAGE 

Object language is the language into which a 
statement is translated. This ttanslation is 
accomplished by a processor. 
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A processor, in software, is a computer 
program. This program includes the compiling, 
assembling, translating, and related functions for 
a ^>ecific programming language. In other 
words, everything that is needed to go from one 
programming language to another is included. 

The source language is translated (by compila- 
tion or assembly) into object language. Object 
language is also called target language. 

MACHINE LANGUAGE 

When the object language has been generated 
for the entire source language program, it is 
ready to be loaded into main storage for 
execution. Once this loading (read in) is 
accomplished, it is said that the program is in 
machine language. Machine language is that 
language that is used directly by the machine. 

PROGRAMS 

The use of these languages will result in 
programs being developed. There are two major 
terms used when referring to programs-source 
and object. 

SOURCE PROGRAM 

A source program is a computer program 
appearing in a source language. For most pro* 
grammers this means a symbolic coded program. 
Some of the symbolic coding structures available 
to Navy programmers are: 

Common Business Oriented Language 
(COBOL), Formula Translator (FORTRAN), 
Assembler Language Coding (ALC, also called 
Basic Assembler Language or BAL), Jules Own 
Version of International Algebraic Language 
(JOVIAL), Programming Language/ 1 (PL/1), a 
language sbnply called LASS, and Comj^ler 
Monitor System-2 (CMS-2). 

A programmer will code a series of instruc- 
tions or statements in one of these symbolic 
coding structures. The symbolic coding will then 
be keypunched into a deck of cards. This deck is 
usually called the source deck. 

The source deck is input to a processor, and if 
output is requested hi card form, the punched 
output is referred to as the object deck. The 



output may be on any other storage medium 
(tape, drum, disk, etc). Regardless of what 
output storage medium is used, the program that 
results is known as an object program. 

OBJECT PROGRAM 

The object program is a fully compiled or 
assembled program that is ready to be loaded 
into the computer for execution. 

SYMBOUC CODING 

The progran ner will normally write a pro- 
gram in one of the symbolic coding structures. 
To accomplish this coding a programmer must 
be familiar with the coding rules, formats of 
instructions, actions directed by the operation 
codes, and method of indicating the address part 
for the particular coding used. 

This manual will not attempt to provide more 
than a few brief examples of instructions from 
various coding structures. These examples will 
familiarize you with some general terminotogy 
relating to coding. 

FORMAT 

The format for coding instructions is similar 
for each low level code. A low level code is a 
code that will, in most cases, produce one 
machine instruction for each symbolic coded 
instruction during translation. 

For low level coding each instruction contahis 
an operation code and normally one or more 
operands. As there are many low level codes 
available, the following examples will utilize 
ALC. 

The operation code in symbolic code is 
usually an alphabetic character abbreviation of 
the operation that is requested such as: A (Add), 
S (Subtract), L (Load), C (Compare), etc. The 
operation code in symbolic code may also be 
referred to as a mnemonic. 

The operand of an instruction is that part of 
aji instruction that indicates a storage address. In 
symbolic code it is usually, but not restricted to, 
a group of alphabetic characters (called label) 
which the programmer has assigned to a field. 
That is, a field may contain the years of service 
for a Navy man, and the programmer may label 
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it YSER or YEARS or whatever unique com- 
bination of letters he chooses. That particular 
combination may not be used again for that 
program. If the programmer labels one field 
AMT (amount) he may label another field 
AMTA or BAMT but never any two exactly the 
same. 

Each of the operands (labels) will be equated 
to a specific storage address during assembly. 
This means that if one label were used for two 
different fields, the same storage address would 
be sought out for each, and the program would 
not execute properly. 

An example of instructions coded in ALC to 
add two fields together is as follows: 

L 3,FIELDA 
A 3,FIELDB 
ST 3,FIELDC 



The L operation code means that a loading 
operation (moving data from one storage area to 
another) is to take place. The first operand 
(address) is a decimal number that indicates a 
reserved area of storage used as an arithmetic 
register. Register 3 is, therefore, going to receive 
the data moved from the storage address speci- 
fied by the label FIELDA. 

The mnemonic A indicates that adding is to 
take place. The data found at address FIELDB 
will be added to the contents (FIELDA) of 
register 3. 

Finally, the result of the add (in register 3) 
will be stored (moved) from the register to a 
storage address equated to the label FIELDC. 

If the symbolic coded instructions from the 
given add are put through an assembler, one 
machine language instruction will be generated 
for each. For the computer this is the fastest 
method. For the programmer, however, it is 



more painstaking to code (and remember) three 
separate instructions. 

In a high level code such as COBOL the 
translation takes longer (compilation time), but 
the programmer takes less time to write the 
statement. 

In COBOL the same add acUon could be 
generated by writing: 

ADD FIELDB TO FIELDA GIVING FIELDC. 

This type of coding does not lend itself to a 
one for one generation of instructions. This 
program must also be translated to object 
language. The object language for COBOL is 
generated by a compiler. 

The main difference between a compiler and 
an assembler, therefore, is the level of the source 
language that requires translation. Each (for its 
respective level) will produce the same final 
result of an object program, which is the goal of 
a programmer. 

SUMMARY 

The symbolic coding is the key step for a 
trainee to understand. If a trainee can code a 
series of instructions or statements to execute 
the logic and produce the output depicted in his 
programming flowchart, he is as useful as any 
programmer in his command. 

Once the trainee is advanced to Petty Officer 
Second Class, formal schooling, local command 
schooling, programmed instruction courses or 
on-the-job training with an experienced pro- 
grammer should be provided. This education will 
build on his basic knowledge. 

In the meantime, while still a seaman or Petty 
Officer Third Class the trainee may acquire 
through study the knowledge of the skilled data 
processor required by the Navy. 
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Accounting machine, 239-264 

arithmetic q;>eraticn8, 254-259 

carriage operating, 263 

carriage control* tape punching, 260-263 

control panel, 248 

control panel wiring, 247-250 

counter coupling, 260 

detail printing, 247, 250 

group printing, 260 

machine controls, 240-242 

machine c^ration suggestions, 263 

operations performed, 239 

program control, 251-254 

program control hubs, 253 

selective printing, 249 

tape controlled carriage, 246 
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DP assignments, 2 

enlisted rating structure, 1 

final multiple factors, 6 

how to qualify, 3 

NavTra 10052, 8 

qual manual use, 6 

rate training manuals, 8 

record of practical factors, 7 

sources of information, 10 
Alphabetical sorting, IBM type 83, 101 

sorting equipment, 108 
Automatic data processing, 20-52 

auxiliary equipment, 33 

basic principles, 36-39 

by EAM, 22-33 

electronic data processing, 39-48 
EAMvEDP, 49 
punched card aoccninting, 20-22 
Automatalc dkxmment originating 
machine, type 519, 179-185 
control panel, 180 
control panel wiring, 181 
gangpunching, 183 
operating si^rgastions, 185 
print unit light, 179 
punch selector entries and 
control hubs, 180 



Automatic reproducing punch , type 514, 165-179 
card feeding unit, 167 
control panel. 169 
double punch and blank column 

detection, 178 
functional switches, 170 
gangpunching/comparing, 173 
interspersed master card 

gangpunching and comparing, 176 
operating suggestions, 178 
reproducing features, 167 
selective reproducing and 

comparing, 173 
single master card gangpunching, 176 
straight reproducing and comparing, 171 
X elimination or transfer, 173 
Auxiliary equipment, card sorters, 107-110 

B 

Binary numbering system, 308 

Block sorting, 102 

Bootstri^ machine routine, 300 

C 

Card comparing operations, 
wiring principles, 131-137 

comparing position, 133 

two condition comparing, 133 

three condition comparing, 134 
Card design, 24-30 

fields, 28 

information arrangement, 30 

language, 25 

patterns, 27 
Card feeding imit, 167 
Card punch type 24 and 26, 53-59 

external features, 53 

functional keys, 56 

keypunching suggestions, 63-66 

keypunch setup, 55 

program control, 57 

program card codes, 58 
Card punch type 29, 59-63 

keyboards, 60 

program card coding, HI 

program card model B, 63 

program unit, 61 
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operating features, 167-169 

reproducing and comparing, 171-173 
Card punch type 519, 179-185 

control hubs, 180 

control panel, 180 

gangpunching , 183-185 

panel wiring, 181 

Card read punch, (CRP)equipment, 275-282 

IBM 2540, 279-282 

UNIVAC 1549, 276-279 
Card sorter auxiliary equipment, 107-110 

alphabetic sorting feature, 108 

card counter, 107 

sort suppression device, 108 
Card sorter, type 83, 95-102 

description of, 96 

digit-suppression keys, 98 

operating suggestions, 103-105 

sorting operations, 95-102 

sorting pattern, 97 

sort selection switch, 97 

switches, lights, keys, 98 
Card sorter, type 84 

auxilliary equipment, 107-110 

component parts, 106 

operating suggestions, 107 

sensing mechanism 106C 
CARD sorting operations, 
type 83, 95-102 

alphabetic sorting, 101 

block sorting, 102 

control sorting, 100 

numerical sorting, 98 

selective sorting, 102 
Card verifier, type 56, 66-69 

Classified material control, 13-17 
Coding sytem, computers, 314-318 

excess-three code(X-S3), 316 

extended binary codes decimal 
interchange code (EBCDIC), 317 

IBM system 360 ei^t bit code, 318 

p^r tape codes, 320 

six bit alphameric coda (BCD), 315 
Collator type 85, 187-210 

card selection, 204-208 

collator operations, 186 

control panel hubs, 189-193 

control panel wiring, 193 

machine controls, 188 

merging, feeding, 197-203 

operating features, 187 



Collator type 85, — Continued 
qperating suggestions, 208-210 
schematic diagram, 189 
sequence cbedkii^, 194 
principles of iteration, 187 

Collator type 88, 212-225 
card selection, 221 
control panel, 214 
control panel wiring, 216-220 
editing, checking DPBC, 225 
hubs use card selection, 223 
merging, matching, operations, 218-220 
operating features, 212 

Collator type 188, 225-238 
control panel, 230 
control panel wiring, 231 
matching use, 235 
merging use, 233 
operating feataures, 225-238 
operating procedures, 236-238 
principles of operation, 228-230 
sequence checkii^, 232 

Command security program, 18 
Computer arithmetic methods, 313 

Computer coding system^ 314-318 

excess-three code-(X-S3), 316 

extended binary codes decimal 
interchange code (EBCDIC), 317 

IBM Bystem/360 eight-bit code, 318 
Computer operating principles, 42-49 
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Computer use EDP, 265-274 

central processing unit, 267-270 
classification of computers, 267 
control panels, keyboards, 271 
system commuidcations, 270 
input/ou^ut devices, 268 

Control sorting, 100 
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type 29, 59-63 
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flowchart construction, 333 

flowchart symbols, 330-332 

machine language, 340 

programming, 335-337 

system flowchart, 338 
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Data numbering systems, 307-311 

binary number system, 308 

decimal system, 307 

hexadecimal number system, 311-313 

octal number system, 309-311 
Data processing systems, 39-49 

card, tape system, 49 

computer principles, 42-49 

EDP input media, 39-42 

history of DP, 21 
Data Processing Technician 

assignments, 2 
Data storage concepts, 307-328 

binary numbering system, 308 

computer arithmetic, 313 

computer coding systems, 314 

data organization, 321 

decimal system, 307 

t^xadecimal number system, 311-313 

magnetic core storage, 325 

magnetic disk, 326 

magnetic drum, 326 

magnetic ink characters, 319 

magnetic tape use, 322-325 

octal number system, 309 

optically read characters, 319 

paper tape, 320 

read/write heads, 322 

record blocks, 323 

thin film storage, 328 
Decimal computer coding system, 314 
Design of punch cards, 30-34 
Destruction of classified material, 17 
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EAM punch card data processing system, 22-39 
basic principles, 36-39 
card language, 25-27 
unit record equipment, 32, 36-39 

EDP equipment, 275-307 

card readers/punches, 275-283 
IBM 2540, 279-283 
UNIVAC 1549, 276-279 
IBM 1403 printer, 293-296 
magnetic tape transport unit, 282-285 
UNIVAC 1240 tape drive, 285-289 
UNIVAC 1218 (CPU), 299-302 
UNIVAC 1569 printer, 296 

Electric Accounting Maohine,(EAM), 22-31 
auxiliary equipment, 33-36 
basic operating principles, 36-39 
machine conversion of data, 31-33 



Electric accounting vs Electronic 

data processing, 49-52 
Electronic data processing, 39-49 
card oriented system, 49 
computer principles, 42-49 
EDP input media, 39-42 
tape oriented system, 49 
Electronic data processinfl:, computer use. 
265-274 

central processing unit, 267 
computer classifications, 267 
control panels and keyboards, 271 
input/ou^ut devices, 268 
offline equipment, 269 
manual communications, 270 
I/O channels, 270 
buffering, 272 
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Feeding unit, cards, 167 
Fields use, cards, 28 
Flowchart construction, 332-341 

completed flow chart, 338 

construction work steps, 336-337 

data flowchart, 333 

defining the problem, 333 

symbolic coding, 340 

Functional wiring principles unit 
recording machines, 111-137 
card reading stations, 111-114 
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comparing operations, 131-137 
control panels and stations, 116-119 
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Oangpunohing and comparing, 173 
interspersed master ^jard, 176 
machine type 519, 183-185 
single master card, 176 
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Hexadecimal number system, 311-313 
High speed printers, 293-299 

IBM 1403, 293-296 

operating procedures, 295 

UNIVAC, 1240, 28S-290 
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IBM card punches type 24 and 26, 53-58 
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jam removal, 283 

operating procedures, 282 
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punch controls, 281 
IBM card sorter 83, 95-102 
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form Insertion, 295 
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control panel, 142 
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interpreting features, 140 
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operating sug^stions, 148 

print unit, 141 

selective interpreting, 145 

zero elimination wiring, 147 
Interspersed master card comparii^, 176 
Investigations, secvirity, 12 
Interpreter, type 557, 
card feed schematic, 151 

column splits, 156 

control panel, 151-155 

control panel wiring, 155 

machine errors, 159 

normal printing, 156 

operating features, 149 

print unit, 151 

proof feature, 159 

ribbon feed, 164 

selectors, 158 

timing chart, 162 

K 

Keyboards, card punches, 54—60 

type 24 and 26, 54 

typa 29, 60 
Key punch setup suggestions, 55-63 
Key punching suggestions, 63-66 

UNIVAC 1701, 78-80 

UNIVAC 1710, 86-91 



L 

Languages, machine programming, 339-3tt 
Languages punch cards, 25 
Loading/unloading tapes, 288-290 

M 

Magnetic core data storage, 32S 
Magnetic disk data storage, 326 
Magnetic drum data storage, 326 
Magnetic ink characters 
Magnetic tape, 283-285 

fUe protection, 284 

Irregular winding of, 288 

loading/unloading, 288-290 

reel handling, 283 

tape cleaning, 290 

tape drives, 284 

ts^ marking, 289 
Magnetic tape library, 290-293 

availabiUty of t8|>es, 292 

library controls, 291 

tape security, 293 
Magnetic tape use, data storage, 322-325 

checking binary coda, 323 

checking recorded data* 322 

record blocks, 323 
Master card comparing, 176 

N 

Numerical sorting, 98 
Number systems, computer use of, 
307-311 

binary, 308 

decimal, 307 

hexadecimal, 311-313 

O 

Octal numbering system, 309-311 

addition/subtracticm use, 311 
Operating/restart procedures for 

CRP 2540, 282 
Operating suggestions, 

accounting machines, 263 

card verifier type 56, 67-69 

collator type 85, 208-210 

collator type 188, 236-238 

hlg^ qpeed printers, 93-96 

high speed printer type 1403, 293 

interpreter type 548, 148 

punch type 514, 178 

punch type 519, 178 

sorter type 83, 103-105 
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Qperattng suggesttooB, keypunch, 63-66 
card insertton/correctioot 64 
keyboard lockhig, 64 
multiple punched columns, 65 
registration checking, 65 
ribbon replacement, 65 
UNIVAC 1701, 78-80 
UNIVAC 1710, 86-88 
Operation and control of 
EDP equipment, 275-297 
card readers/punches, 275-279 
punch controls, 281 
reader controls, 275-281 
start/restart procedures, 282 
speed printers, 293-297 
IBM 2420 mag tape unit, 288-290 
magiietlc tape library, 290 
mAgpatic tape units, 283 
t^pe cleaning, 290 
UNIVAC 1240 tape drive, 285-288 
UNIVAC 1500 system setup, 297*306 
Optical character reading, 319 

P 

Patterns used, punch cards, 27 
Paper te|ie use, data storage, 320 
Proflpramming, 329-341 

completed flowchart example, 338 

data flowcharting, 333-338 

flowchart construction, 332 

flowchart symbols, 330 

graphic qrmbole, 332 

programming language, 339 

source program, 340 

eymboUc (X)ding use, 340 
punched card aystem, 21-39 

auxiliary e<iaipment, 33-36 

basic operating principles, 36-39 

basic equipment, 32 

card language, 25-27 

ittfommtton arrangement, 30 

multiple card layout form, 29 

types of cards used, 27 
Punches type 24 and 26, 53-58 

type 29, 69-63 

tyjie 614, reproducing, 165-179 
type 619,origlnating,179-185 

R 

Rsad/Wrlte heads, 322 
Baoord Uooks, mag tape, 323 
RomaUng danuged cards, 79 
Bffproduoing punch type 514, 165-179 
type 619, ^79-185 



S 

Security, 10-19 

area security, II 

classifications, 10 

command security program, 18 

control of material, 13-17 

destruction q£ material, 17 

investigations/clearances, 12 

numerical value of stowage, 15-17 

stowage of material, 14 

violation and compromises, 12 
Sorter type 83, 95105 

description of, 96 

digit-suppression keys, 98 

operating suggestions, 103-105 

sorting pattern, 97 

switches, lights, 98 
Sorter type 84, 107-110 

auxiUiary equipment, 107 

component parts, 106 

(grating suggestions, 107 

sensing mechanism, 106 
Selective sorting, 102 
Sorting procedures^BM type 82, 95-105 

alphabetical, 101 

alpha-numerical, 101 

block sorting, 102 

numerical, 98-100 

selective, 102 
Storage of data, 307-328 

computer coding ^stems, 31^319 

data organization, 321 

magnetic core, 326 

magnetic disk, 326 

magnetic drum, 326 

magnetic ink characters, 319 

magnetic tape, 322-325 

number systems, 307-314 

ps^r tape, 320 

read/write heads,322 

record blocks, 323 

thin film storage, 328 
Stowage of olassifled material, 14 

numerical value ^stem, 15-17 
Strai^t card reproducing, oon^iaringa 171 

T 

Tape controlled carriage, accounting machines, 246 

preparation of t^«s 260-263 
Tiqjie marking, 289 
Thin fllm data storage, 328 
Transmission of dassifled material, 14 
Two condition -card comparing, 133 

three condition card comparing, 134 
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Unit record maohines, wiring 
principles, 111-137 

card reading stations* 111-114 

Cdumn qtlits, 120-122 

comparing (^rations, 131*137 

control panel diagrams, 116 

control panels, 114-116 

control stations, 119 

cycle concept, 117 

delay unit, 129-131 

digit emitters/selectors, 122-125 

electromagnets, 120 

IBM technical numuals, 137 

selectors, 125-127 

timing charts, 117 

X-eliminators, 122 
UNIVAC 1218 CPU, 299-302 
UNIVAC 1240 tape drive, 285-290 

care of tapes, 288-290 

loading and unloading, 288 

panel and controls, 288 

tape markers, 289 
UNIVAC 1500 EDP system, 297-307 

CRPI unit. 298 

data control checks, 303 

higjh speed printer, 298 

inquiry stations, 303 

machine checks, 306 

manual control, 303 

monitoring operations, 302 

processing with the console, 302 

system checks, 304-306 

tape drive, 298 
UNIVAC 1549 (CRPI), 276-279 

controls, 277 

control panel, 278 
UNIVAC 1569 high speed printer, 296-299 
UNIVAC 1701 (VP) 69-80 

automatic rij^t Justifying, ?0 

core storage, 69 

duplicating, skipping, 70 

external features, 71 

function control switches, 72-77 

instant correction <^ration, 69 

key punch operator instruotlODS, 78-80 

modes of operation, 70 

program codes, 77 

programming, 70 

remaking daznaged cards, 79 

setup procedures, 78 

stackers, 72 



UNIVAC 1710, (VIP), 85-94 
indicators, 91 
interpreter setup, 92 
interpreting q^ration, 89-91 
keypunching, 86 
maintenance, 93 
print station, 85 

program code8,keypunching86-88 
program codes, interpreting, 91 
UNIVAC (VP/VIP) verifying ^rations, 80-86 
error procedures, 
external features, 80 
functional oontrd switches, 81 
modes of q[>eration, 70 
Operating control keys, 82 
setup procedures, 84 
VP program codes, 83 



Verifying interpreting (UNIVAC VIP ) 

1710, 85-94 ;0 
Verifying operations,^ (UNIVAC VP, VIP) 80-^6 
Verifying punch qperations, UNIVAC 
1701, 69-80 



W 



Wiring principles, unit record maohlnes 
111-137 

card reading stations, 111-114 
column splits, 120-122 
comparing qperations, 131-137 
control panels and stations, 116-119 
delay unit, 129-131 
digit emitters/selectors, 122-125 



X elimination or transfer, 173 
X-elimlnators, 122 



Zero elimination wiring, 
Interpreter 1^ 548, 147 
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